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INTRODUCTION 
Proper selection and/or combination of production 
management practices are the key steps to achieve higher corn 
yield with less cost of inputs involved. Such management 
practices, as mentioned by several authors, are: optimal 
application of macro- and microelements, tillage and crop 
rotation to obtain optimal soil structure, selection of corn 
hybrids which yield most under particular environmental 
conditions, optimal plant population and plant spacing, proper 
pest management, and adequate moisture (Benson, 1986; 
Tollenaar, 1986; Dow Chemical Co., 1986). 
With the increasing concern for the environment and the 
need for improved N efficiency, a better understanding of 
nitrogen and its effect on corn hybrids and corn yields is a 
first step in addressing problems. 
Nitrogen is a primary element required by most crops, 
especially corn, for growth and development. Nitrogen is 
involved in both structural and non-structural components of 
the plants, being an essential element for the building of 
macromolecules, as well as a driving force in important 
metabolic processes (Gardner et al., 1985; Dow Chemical Co., 
1986). 
A majority of research regarding N fertilizer is in 
determining the optimum amount of application, and how the 
applied N can be used efficiently by the corn plants. It was 
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reported that applied fertilizer efficiency Is at 50% level, 
on the average. About 20-30% Is lost and 20-25% Is 
Incorporated Into soil organic matter (Dow Chemical Co., 
1986). Therefore, enough fertilizer must be applied to 
compensate for the amounts which are unavailable for plant 
uptake. 
Most of the applied N Is lost as NO3-N either by 
denltrlflcatlon or by leaching. This problem Is now being 
dealt with, to some extent, with the use of nitrification 
Inhibitors, such as N-SERVE 24E^ Nitrogen Stabilizers which 
contain nitrapyrln [2-chloro-6-(trlchloromethyl) pyridine]. 
The inhibitor delays nitrification of the applied and 
mineralized NH^-N in the soil, thereby reducing losses of 
fertilizer N and possibly controlling the form of N absorbed 
at certain growth stages of the corn plant (Warren et al., 
1980, 1981; Dow Chemical Co., 1986; Below and Gentry, 1988). 
Corn can absorb and utilize moderate concentrations of 
either or NO3" ions, although nitrate is considered to be 
the primary form of N available for growth under field 
conditions. On the other hand, at high concentrations, 
ion can be toxic to plants and can also displace other cations 
held on the soil colloids (Hoff et al., 1974; Hageman, 1980). 
However, many plants (including corn) have been shown to grow 
more rapidly and absorb more N when supplied with mixtures of 
^Trade mark of Dow Chemical Co., Midland, Michigan, USA. 
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nitrate and ammonium compared to either source of N alone 
(Hageman et al., 1961; Bennett et al., 1964; Blair et al., 
1970; Schrader et al., 1972; Warnçke and Barber, 1973; Andrade 
and Anderson, 1986; Dow Chemical Co., 1986; Below and Gentry, 
1988). 
In these field experiments, the effect of application of 
various rates of fertilizers N and K, and timing and method of 
fertilizer application to growth and yield of corn hybrids 
were determined. The effect of plant population was also 
included as a factor in some experiments. N-Serve 24E was 
incorporated with N fertilizer sources such as urea, 
(NH^lgSO^, urea ammonium nitrate (UAN), and ammonium 
polyphosphate in the field experiments where these fertilizers 
were used. The N fertilizer was applied in the field either 
as pre-plant or as split application with or without N-Serve. 
In some experiments the liquid fertilizer solution, with or 
without N-Serve during the second split of fertilizer 
application was applied with the use of point injector 
fertilizer applicator (PIFA). The mechanism of this machine 
is well documented (Anderson, 1987; Baker et al., 1986; 
Timmons et al., 1987). 
The objectives of the experiments were: 
(1) To determine variation in growth and yield of corn hybrids 
due to: 
(a) rates and form of N, 
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(b) rates of K, 
(c) timing and method of fertilizer application, and 
(d) different plant populations. 
(2) To determine the effect of to NO^" ratio of 
fertilizer applied before anthesis on lodging 
susceptibility and grain yield of corn grown at various 
levels of N. 
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LITERATURE REVIEW 
Management Practices in Corn Production 
Plant population snâ fertilizer management 
Effect on yield Stevenson (1986) suggested that an 
increase in plant population from approximately 65,000 to 
105,000 plants ha~^ gave an over-all response of about 2.45 Mg 
ha"^ or an average of about 0.15 Mg ha"^ of corn yield for 
every extra 2,500 plants ha~^ harvested at Ontario, Canada. 
In 1985, a yield record of about 17.25 Mg ha~^ for non-
irrigated and about 18.38 Mg ha"^ with irrigation was 
obtained. Application of both commercial fertilizer and 
cattle manure at the rate of approximately 660 kg N ha~^, 110 
kg P ha"^, and 440 kg K ha"^ helped achieved that high corn 
yield. 
Segars (1986) suggested some key management practices 
utilized in Georgia for high-yielding corn. The so-called 200 
Bushel Corn Club of Georgia, planted corn at the rate of 
approximately 65,000 to 70,000 plants ha"^. At that rate, 
they recorded a corn yield of about 15.85 Mg ha~^ in 1985. A 
supplemental N rate of 290 kg ha"^ was added for every 12.54 
Mg ha~^ target yield. The rate of PgOg and KgO was determined 
by soil test levels. About 30% of the nitrogen (N) and 100% 
of the phosphate and potash was applied at or before planting. 
The remaining N was applied either as sidedress and or through 
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injection pumps. 
In Iowa, typical plant population recommendation range 
from approximately 40,000 to 60,000 plants ha~^ (Benson, 
1986), This range is suggested, especially, when soil 
moisture reserves are average or above. But when the weather 
conditions are ideal and all production inputs are at optimum 
level, a plant population rate of approximately 65,000 to 
75,000 plants ha~^ was recommended to achieve maximum yield. 
Recommendation of fertilizer nitrogen in Iowa are based 
on N-rate experiments on specific soil types rather than 
chemical analyses (Voss, 1982). He suggested that nitrogen 
recommendation for corn is based on yield goal and factors 
that varies according to soil area and according to yield goal 
for some soil areas. The higher the yield goal, the higher 
the N rate per hectare. 
Phosphorous (P) and potassium (K) recommendations, unlike 
N, are based on soil test results and level of subsoil P and K 
(Voss, 1982). He also suggested that the P and K 
recommendations should be adjusted by the user for nutrient 
content of manure applications. 
As mentioned above, a higher N rate per hectare is 
recommended if an individual is striving for higher yield 
goal. Wallingford (1983) estimated that for 15.68 Mg ha~^ 
yield, corn crop contains 370 kg N, 70 kg P and 300 kg K in 
its above-ground portion. In his report about the maximum 
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yield results across the continent, one producer from the 
state of Ohio had a highest yield of 13.55 Mg ha"^ with 
fertilizer applications of about 440 kg N ha"\ 73 kg P ha""^, 
and 275 kg K ha"^ in 50-cm row spacing. 
Effect OQ stalk physical characteristics It was 
reported that increasing plant population resulted in higher 
seed yield but greater stalk lodging. The imbalances of N:K 
fertility is one of the primary factors that contribute to 
higher stalk lodging at increasing plant population 
(Tollenaar, 1986; Center and Camper, 1973; Stamp, 1986; Huber 
et al., 1986). 
Center and Camper (1973) reported that as plant 
population increased, weight per ear, stalk diameter and 
percent erect plants decreased. They added that the stalk 
diameter also showed differences between hybrids but no trend 
was observed among maturity groups. 
A number of researchers have reported that low K:N ratio 
increased stalk lodging (Stamp, 1986; Zuber, 1986; Huber et 
al., 1986; Nelson, 1971). Thus, imbalances of this nutrition 
is critical to stalk lodging rate. Nelson (1971) reported 
that a thick rind, high crushing strength, and low percentage 
of dead corn stalks leads to lodging resistance. He mentioned 
also that K added to a low- K soil thickened the rind, 
improved crushing strength, and reduced dead stalks at harvest 
in Tennessee; while the added K increased stalk diameter and 
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strength, but not yield in Iowa. The N fertilizer increased 
stalk diameter but not strength. 
A study conducted by Zuber (1986), where corn plants were 
grown at various rates of N ranging from 77 to 220 kg N ha~^ 
with adequate level of K, revealed that stalk lodging 
increased to 12.5% at 220 kg N ha"^. They suggested, that 
where high levels of N are applied, a hybrid with very high 
levels of inherited stalk strength should be used. 
Effect on stalk physiological characteristics 
Campbell and Hume (1970) characterized soluble solids as 
composed of total sugars, proteins, organic acids, salts, and 
amino acids. The Brix hand refractometer measures the 
refractive index of dissolved chemicals and is expressed as 
per cent soluble solids. An evaluation of individual inbred 
for sucrose content in the stalk using the above method was 
found to have an acceptable correlation with sucrose content 
(Van Reen and Singleton, 1952). 
A negative relationship between lodging and soluble 
sugars was reported by Tollenaar in 1977. The same response 
was obtained by Twumasi-Afriyie and Hunter (1982) but they 
also found a positive correlation with crushing strength. 
The effect of various rates of K on the sugar and K 
contents of corn stalk internodes was determined by Liebhart 
et al. in 1968. Result of their experiments showed that 
without K treatment, K measured 0.4% at presilk and 0.2% at 
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maturity; but with K treatment, K concentration in the lower 
stalk was 2.4% at presilk and 1.5% at maturity. They also 
found a decline of sugar concentration from presilk to 
maturity in the lower three internodes but not as severe in 
the upper stalk or in stalks of plants receiving K treatments. 
Fertilizer management and hybrid selection 
Effect on yield Hybrid selection is very important in 
designing a maximum yield system for corn. Benson (1986) 
suggested that selection of hybrids that vary somewhat in 
maturity can serve as a hedge against stress at pollination 
time and help spread the workload in the fall. He added that 
grain moisture at harvest can be of some help in maturity 
classification. 
The so-called black layer formation is a good indication 
of maximum dry weight (physiological maturity) and signals the 
end of kernel growth for the season. Once physiological 
maturity is reached, the rate of grain drying will vary with 
weather and hybrid (Benson, 1986; Ritchie and Hanway, 1984). 
Pioneer Hi-Bred Int. Inc. (1989) classifies their corn 
hybrids based on the relative maturity (RM) on comparison with 
other pioneer hybrids, not competitive hybrids, such as 
harvest moisture RM, silk RM, and black layer RM. Harvest 
moisture RM serves as a relative guide to compare the maturity 
differences between pioneer hybrids to the harvest moisture 
stage. Silk RM gives an indication of whether a hybrid silks 
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early or late to its harvest moisture RM rating. Black layer 
RM gives an indication of whether a hybrid reaches black layer 
early or late relative to its harvest moisture rating. 
Researchers from Georgia recommend planting of at least 
two high yielding hybrids with good standability and disease 
resistance. The use of early to medium maturity hybrids are 
best suited for irrigated production (Segars, 1986). 
Voss (1982) and Dow Chemical Co. (1986) suggested that 
regardless of the hybrid type, the nitrogen needed to grow the 
corn plant and produce the grain is essentially the same and 
is dependent on the yield goal. 
Dow Chemical Co. (1986) indicated that corn takes up 
about 1.46 kg N ha~^ and is present in the grain, stalk, and 
leaves for every 63 kg ha~^ of grain produced. This factor is 
used depending on the yield goal desired. For example, a yield 
goal of 15.68 Mg ha~^ requires an approximate amount of 360 kg 
N ha"l. 
A research team at Purdue divided hybrids into three 
categories based on their yield potential and responsiveness 
to nitrogen, such as: (1) low-fertility hybrids, (2) high-
fertility hybrids, and (3) intermediate-fertility hybrids (Dow 
Chemical Co., 1986). 
Low-fertility hybrids reach their maximum yield with low 
rates of nitrogen. Utilization of the applied N is greater 
earlier in the season. Approximately 90-95% of the total 
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nitrogen is taken up by midsilk. However, increasing rates of 
N do not give much increase in yield. These hybrids can 
produce 8.78 or maybe 11.29 Mg ha"^ and demand less 
management. A higher yield could be obtained by increasing 
the plant population. 
High-fertility hybrids utilize nitrogen over a longer 
period of time. Approximately 50-75% of the total nitrogen is 
taken up by midsilk and as much as 50% is required after 
midsilk. These hybrids respond very well to increasing rates 
of N and plant population. They have the potential to produce 
12.54, 18.82, and even 25.08 Mg ha~^ but require an intensive 
level of management. 
Intermediate-fertility hybrids respond to moderate 
amounts of nitrogen and their responses are closer to low-
fertility hybrid types. 
H fertility and nitrification inhibitors Leaching and 
denitrification can be significant factors affecting the 
availability of NO3-N to plants after fertilizer application. 
The use of nitrification inhibitor slows down the conversion 
of ammonium (NH^"*") to nitrate (NO3"). While hundreds of 
potential nitrification inhibitors have been screened, only N-
Serve, which contains nitrapyrin (2-chloro-6-(trichloromethyl) 
pyridine) is widely used. 
Nitrate is considered to be the primary form of N 
available for growth under field conditions but corn can 
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absorb and utilize moderate concentrations of either or 
NOg" ions. Application of mixtures of nitrate and ammonium to 
corn compared to either source of N alone favored rapid growth 
and more N absorption (Hageman et al., 1961; Bennett et al., 
1964; Blair et al., 1970; Schrader et al., 1972; Warncke and 
Barber, 1973; Andrade and Anderson, 1986; Dow Chemical Co., 
1986; Below and Gentry, 1988). 
Below and Gentry (1988) evaluated the effect of mixed N 
nutrition and nitrate alone on the growth, development and 
yield of two physiologically distinct corn hybrids. The 
hybrids were planted in a field-grown-hydroponic culture; a 
system with the capacity of growing corn plants to maturity 
while maintaining a high level of fertility and relatively 
constant nitrate/ammonium ratio. Results of their experiments 
showed that compared to plants receiving only nitrate, mixed N 
nutrition increased grain yield by 8 to 14%. The increase in 
grain yield was associated with a larger number of kernels per 
plant. 
A number of researchers reported that incorporation of N-
Serve with N fertilizer increased corn grain yield (Frye et 
al., 1980; McElhannon and Mills, 1981; Huffman et al., 1982; 
Rhoads and Huffman, 1982; Hale and Sprenkel, 1983; Maddux and 
Barnes, 1985; Malzer and Randall, 1985, Smittle, 1985), 
improved stalk quality (White et al., 1978; Warren et al., 
1975; Huber et al., 1986; Dorich et al., 1987), and plant 
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height (Hubbard et al., 1983). 
Thomas et al. (1981) made an economic and statistical 
evaluation on the yield response of corn field trials across 
the U.S. corn belt areas from 1974 to 1979 between no N-Serve 
and with N-Serve when used with the same nitrogen rates and 
same time of application to over 863 paired comparisons. They 
found a yield increase ranging from 3.2 to 6.9% when N-Serve 
was added. 
Dorich et al. (1987) evaluated the performance of P3147 
to pre-plant N rate and N-Serve on grain yield and stalk 
quality. The rates of nitrogen applied were 132 and 220 kg N 
ha~^. N-Serve was applied at the rate of 0.56 kg a.i. ha""^. 
Results of their experiments showed that stalk rot at three 
locations over two years was reduced by 60 to 96% as a result 
of inhibiting nitrification of fall applied nitrogen. At the 
same time, grain yield increased by an average of 32%, stalk 
diameter increased by over 32%, and stalk lodging decreased by 
60%. 
Hanson et al. (1986 and 1987) indicated that fall 
application of N as anhydrous ammonia with nitrapyrin 
permitted higher plant N use efficiency on claypan soil in 
Missouri. Similar response was obtained by Bundy (1986) in 
fall-applied N with nitrapyrin on medium- to fine-textured 
soil in Wisconsin. On sandy soils, sidedress or delayed N 
applications with nitrapyrin are usually more effective than 
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pre-plant N. Warren et al. (1975) also reported an increase 
in grain yield and grain protein in fall-applied with 
nitrapyrin on loam, sandy loam, and silty clay soil types at 
Purdue. However, they did not find a yield response to 
nitrapyrin with spring-applied which they attributed to 
be due to limited loss of spring-applied N under the 
conditions of those experiments. 
Mode of Action of Nitrapyrin and Factors Affecting 
Its Bioactivity 
English et al. (1980) reported that nitrapyrin 
selectively kills the Nitrosomonas bacteria responsible for 
converting NH^-N to NO^-N so that the cationic form of N is 
held against leaching on exchange sites of clay particles and 
soil organic matter. This supports the earlier findings that 
nitrapyrin inhibits cytochrome oxidase involved in ammonia 
oxidation to hydroxylamine by Nitrosomonas (Campbell and 
Aleem, 1965a,b; Hooper and Terry, 1973). The same authors 
reported that this inhibition process can be completely 
reversed by the addition of Cu"*!^, but not by Mn*^. 
Campbell and Aleem (1965a) found that the ammonia-
oxidizing capacity of Nitrosomonas cell suspensions was 
completely inhibited using nitrapyrin at the rate of 1 ppm. 
On the other hand, application of 100 ppm did not inhibit 
hydroxylamine cytochrome oxidase or the hydroxylamine-
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activating enzyme, hydroxylamine cytochrome c reductase. 
However, about 90% of the reductase was inhibited as the 
concentration was increased to 170 ppm. 
Results of the experiment conducted by Campbell and Aleem 
(1965b) shows that nitrapyrin at low concentration did not 
affect the nitrite oxidase system. The results indicate that 
nitrapyrin, at low concentration, act as copper-chelating 
agent on the cytochrome oxidase component which is involved in 
ammonia oxidation. 
Keeney (1980) defined bioactivity as "the relative 
inhibition of nitrification meaning that a compound may 
persist for a long time but not be bioactive due to sorption 
on soil colloids while a compound which rapidly disappears 
from a soil system may have high bioactivity while it is 
present". He added that persistence and bioactivity of 
nitrapyrin is affected by several factors such as pH, 
temperature and organic matter of the soil. 
Several authors reported that organic matter decreases 
the effectiveness of nitrapyrin by affecting its sorption and 
decomposition rates (Goring, 1962a,b; Bundy and Bremner, 1973; 
Hendrickson and Keeney, 1979). Laskowski and Bidlack (1977) 
found that nitrification resumed in nitrapyrin-treated soils 
before nitrapyrin had completely disappeared, indicating that 
soil-sorbed nitrapyrin is not bioactive. However, Goring 
(1962b) indicated that organic matter is not solely related to 
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the bloactivity of nitrapyrin, interactions with other factors 
have contributed also. 
Initial soil pH affects the population of nitrifiers 
present in the soil. Some authors found that nitrapyrin is 
less effective as soil pH increases (Goring, 1962a; 
Hendrickson et al., 1978b) while some authors found the 
opposite. A laboratory experiment using pre-incubated soil 
samples to obtain a high population of nitrifiers before the 
addition of nitrapyrin was conducted by Hendrickson and Keeney 
(1979). Results showed that a greater effectiveness of 
nitrapyrin at high pH was obtained suggesting the involvement 
of other genera of nitrifiers that may have different pH 
optima. 
The form of N fertilizer affects the effectiveness of 
nitrapyrin. Goring (1962a) found that nitrapyrin is more 
effective with (NH^lgSO^, NH^NOg or (NH4)2HP04 than with urea. 
A similar result was obtained by Bundy and Bremner (1973) and 
suggested that the hydrolysis of urea by soil urease increases 
soil pH that might have caused the ineffectiveness of the 
chemical. 
Incorporation of nitrapyrin with anhydrous ammonia and 
urea ammonium nitrate was found to be effective also (Swezey 
and Turner, 1962; Warren et al., 1975, 1980, 1981; Touchton et 
al., 1979b; Dorich et al., 1987). 
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Management practices of applying nltrapyrln affects Its 
effectiveness. Bundy and Bremner (1973) and Touchton et al. 
(1978) suggested that nltrapyrln is more effective at low 
temperature because of slow degradation and or volatilization 
as well as low nitrification activity. 
Timing of application of nltrapyrln affects its 
effectiveness as its bioactivlty is altered according to the 
soil temperature and soil moisture. The greater effectiveness 
of nltrapyrln during late fall to early,spring has been 
confirmed in a number of field experiments (Welch et al., 
1971; Papendick et al., 1971; Cochran et al, 1973; Warren et 
al., 1975; Boswell et al., 1974; Hendrickson et al., 1978b; 
Gomes and Loynachan; 1985; Bundy, 1986; Hanson et al., 1987). 
Surface application of nltrapyrln was very inefficient 
and extremely variable due to volatilization losses and 
photolysis (Briggs, 1975; Meikle et al., 1978; Touchton et 
al., 1979a; Bundy and Oberle, 1988). Turner and Goring (1966) 
and Goring and Scott (1976) reported that higher rates of 
nltrapyrln are needed in broadcast incorporated fertilizer 
than with band-application. A study conducted by Nyborg and 
Malhi (1988) suggested that placement of urea in bands with N-
Serve at the rate of 4 kg ha~^ reduced the soil pH depression. 
The type of soil is an important factor in the 
effectiveness of nltrapyrln. The effectiveness of nltrapyrln 
decreased in sandy soils because it may became separated from 
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When leaching conditions prevailed (Hendrickson et al. 
1978a; Rudert and Locascio, 1979; Chancy and Kamprath, 1982 
Andrade, 1983). 
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MATERIALS AND METHODS 
Three field experiments were conducted using corn, Zea 
mays, as the test crop. 
Experiment I 
The research area for Experiment I was located at the 
Christensen Research Farm, Highway 169-South, Humboldt, Iowa. 
During the 1984 to 1987 cropping seasons the area was planted 
to corn. The soil type in this area is Coland silty clay 
loam. 
Experimental site 
Results of the soil test conducted by the Iowa State 
University Soil Testing Laboratory in 1986 showed that the 
soil contained 80.64 kg P ha~^, 370.72 kg K ha~^, 3.9% organic 
matter, and a pH of 6.5. Results of soil NH^-N and NO^-N 
analyses are shown in Table 9. 
Field preparation 
In the Fall of 1985 and 1986, one pass of chisel plowing 
was completed. Spring disk plowing, plus one field 
cultivation, was performed in the 1986 and 1987 cropping 
seasons. The area was hand fertilized with 66 kg PgOg ha"^, 
110 kg KgO ha~^, and 22 kg S ha~^ prior to planting in the 
Fall of 1985 and 1986. Lasso as a pre-emergence herbicide was 
used at the rate of 2.8 L ha~^. In both years, a band 
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application of 1.10 kg a.i. ha~^ of Lorsban 206 for insect 
control followed by conventional tillage was performed. 
Fertilizer N using 46% urea was weighed according to 
treatments. N-Serve 24E, at the rate of 0.56 kg a.i. ha'^, 
was thoroughly mixed with the required amount of fertilizer N 
and incorporated into the soil using a tandem wheel disk. 
Corn was planted on May 8 and 6 for the crop years 1986 
and 1987, respectively. Harvesting was completed in October 
14 and 12 for the crop years 1986 and 1987, respectively. All 
activities were done by hand. The final plant population was 
approximately 75,000 plants ha~^. 
Experimental procedure 
The experiment was conducted using a variant of split 
plot design (Cochran and Cox, 1968) with two replications. 
Corn hybrids (DK524, DK547, P3732,'P3475 and P3377) served as 
the main plot. Pioneer corn hybrids were selected based on 
their growing degree units to black layer (GDU's BL) or 
physiological maturity and grain moisture content at harvest, 
referred to as harvest moisture relative maturity (HMRM) 
(Pioneer Hi-Bred Int. Inc., 1989). The said ratings are 
presented in the Appendix. DK524 was planted in 1986 while 
DK547 was planted in 1987. DK547 has about 107 HMRM; while 
DK524 is about 4 days earlier than DK547. The subplot 
treatments were the three rates of N applied in the field 
following two timing of application. The three rates of N are 
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88, 176, and 264 kg N ha~^. Hybrids and rates of N will be 
referred to as HI, H2, H3, H4 and Nl, N2, N3, respectively, In 
those situations for which It Is not necessary to refer to the 
exact hybrid or rate. The two timings of fertilizer 
application, pre-plant and split (SP), served as the sub-
subplot. Fifty percent of the fertilizer was applied before 
planting while the other fifty percent was incorporated during 
V9-V12 stage (Ritchie and Hanway, 1984). N-Serve served as 
the sub-sub-subplot and will be referred to as -NS (No N-
Serve) and +NS (With N-Serve). 
The hybrid plots measured 92.88 m^ (approximately 12.19 m 
X 7.62 m); N rate and fertilizer application plots measured 
46.48 m^ (approximately 7.62 m x 6.10 m); and N-Serve plots 
measured 23.24 m (approximately 7.62 m x 3.05 m). 
In 1986, soil samples were collected from a depth of 15 
cm from the soil surface 90 days after treatment application 
from the N3 plots of P3732. Samples were placed in labelled 
plastic bags and kept in the freezer for future analysis. 
About 10 g subsample was placed in a small aluminum dish for 
moisture content determination after thawing the soil. 
Another 10 g subsample was placed in 250 ml wide mouth glass 
bottle, 100 ml of 2 M KCl was added, and the sample was shaken 
on a mechanical shaker for two hours. The extract of the 
soil-KCl suspension was analyzed for NH^-N and NO^-N 
concentration using a steam distillation techniques following 
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the procedure of Bremner (1965). 
In both years, at about 85% silking, eight plants from 
the two middle rows of the 6-row plot were sampled by pulling 
the leaf above and opposite the first ear leaf or, if there 
were two ears, the leaf above and opposite the lower ear. 
Leaf samples were placed in holed paper bags, oven-dried and 
ground for total N analysis. 
Before harvest, stalk lodging, dropped ears and stand 
count were determined. Root lodging was noted by counting 
plants leaning 30° or more. Stalk lodging were rated by 
counting the actual number of plants per plot with broken 
stalk below the ear. Ears of corn were handpicked from the 
two middle rows and the yield of corn was corrected to 15.5% 
moisture content. A sample of the grain for seed protein 
determination (1986 data) was further dried at 60°C for 4 days 
before grinding to pass a 2-mm mesh sieve using Wiley Mill. 
Seed protein was determined by multiplying the total N by a 
factor of 6.25. 
Experiment II 
During the 1986 and 1987 cropping seasons, five Pioneer 
corn hybrids were grown in the area located at Berkey Farm, 
near the Iowa State University Agronomy and Agricultural 
Engineering Research Center (ISUAAERC), Boone County, Iowa. 
The soil at the experimental area is classified as a Nicollet 
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(Aqulc Hapludoll)-Webster (Typlc Haplaquolls) complex. 
Experimental site 
The previous fertilization site was originally 
established in 1981 when P and K treatments were applied, and 
since then have been utilized for planned fertilizer-
experiments. The field site was designed for soybean-corn-
corn-corn crop rotation for the 1984-87 growing seasons. An 
adjacent field study consisted of corn-soybean rotation was 
also established. 
The previous P were 0, 165, and 248 kg P ha~^ 
(designated as PO, PI, P2); while previous K treatments were 
0, 220 and 330 kg K ha~^ (designated as KO, Kl, K2) (Bharati, 
et al., 1986; Polito, 1987; Hautau, 1987). In 1986, P and K 
were broadcast by hand. The source of P was 0-45-0 and K was 
0-0-60, provided by the Heart of Iowa Cooperative, Ames, Iowa. 
K soil test in 1985 showed that the site has 178.1, 415.1 and 
726.4 kg K ha~^ with KO, Kl, and K2 treatments; while P soil 
test showed 160.0, 169.0, and 175.4 kg P ha~^ with PO, PI, and 
P2 treatments (Hautau, 1987). Soil samples were collected 
from the upper 15-20 cm in 1986 and 1987 for NH^-N and NO3-N 
analysis at varying dates. Results of the analysis are shown 
in Tables 36 and 37. 
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Field preparation 
Moldboard plowing was done in the fall of 1985 and 1986. 
Additional spring tooth plowing after K application in 1986 
and before planting in 1987 was also employed. 
Bladex 4L at 1.0 L ha~^ and Dual 8E (metolachor) at 0.5 L 
ha~^ were applied as pre-emergence herbicides in both years. 
Furadan 4F (carbofuran) was applied at 0.2 L ha~^ to treat the 
first generation of corn borers in both years. 
Using five different Pioneer corn hybrids, the field was 
planted on May 5, 1986 and April 24, 1987 utilizing a six-row 
planter. These corn hybrids were selected based on their 
GDU's BL and HMRM (Pioneer Hi-Bred Int. Inc., 1989). Seed 
boxes of the planter were numbered according to hybrid 
planting order. An outside box and the adjacent box were 
numbered one so that P3471 serves as the border in every N x K 
treatment combination, according to the experimental 
procedure. Corn was harvested, using three-row corn combine 
harvester, one row of hybrid at a time on October 19-20, 1986 
(179-180 days after planting (DAP)) and on September 28-29, 
1987 (157-158 DAP). 
Experimental procedure 
The experiment was conducted using a variant of split 
plot design (Cochran and Cox, 1968) with three replications. 
The main plot consisted of a factorial combination of N and K 
arranged randomly. Twenty-seven main plots were split 
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vertically into three subplots to accommodate plant population 
treatments, and horizontally into fifty-four sub-subplots to 
accommodate N-Serve treatments. Hybrids served as the sub-
sub-subplot arranged in strips along the main plot and sub-
subplot. 
Replication plots measured 2,257.21 m^ (approximately 
82.29 m X 27.43 m). In between replications was an alley 
measuring 752.13 m^ (approximately 82.29 m x 9.14 m) which is 
the same size as the main (N x K) plots. Plant population 
plots measured 250.71 m^ (approximately 27.43 m x 9.14 m) in 
1986 and 376.34 m^ (approximately 41.17 m x 9.14) in 1987; N-
Serve plots measured 376.06 m^ (approximately 82.29 m x 4.57 
m); and hybrid plots measured 62.70 m^ (approximately 82.29 m 
X 76.2 cm) in area. 
In 1986, as mentioned earlier, three levels of K were 
hand-broadcast at the rate of 0, 220, and 330 kg K ha"^. 
Nitrogen at the rate of 77, 154 and 231 kg N ha"^ was applied 
in split with or without N-Serve. Fifty percent of fertilizer 
N was applied on June 3 (28 DAP) and the other 50% was applied 
on July 16 (81 DAP). The source of N was (NH^)2S0^ dissolved 
in known volume of water to form a liquid fertilizer solution. 
On 22 April 1987, 77 kg N ha~^ from urea (46% N) was 
blanket applied to the entire field with a fertilizer spreader 
(2 Days Before Planting (DBP)), thus, the lowest rate of N was 
adjusted. To supply the remaining levels of N, additional 
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amounts of 35, 11, and 154 kg N ha"^ from Urea Ammonium 
Nitrate (UAN) fertilizer solution was applied on June 19 (56 
DAP). UAN has 75% NH^-N and 25% NOj-N (Anderson, Dept. of 
Agronomy, Iowa State University, Ames, Iowa, personal 
communication). In both years, the liquid fertilizer solution 
was applied using a Point Injector Fertilizer Applicator 
(FIFA) developed by Dr. James Baker of the Agricultural 
Engineering Department, Iowa State University. The 
development and use of this machine is documented (Anderson, 
1987; Baker et. al, 1986; Timmons et. al, 1987). 
Three plant populations were established at approximately 
40,000, 60,000 and 75,000 plants ha~^ in 1986; two plant 
populations of approximately 65,000 and 80,000 plants ha~^ 
were established in 1987. N-Serve 24E was mixed with liquid 
fertilizer N solution at the rate of 1.32 kg a.i. ha"^ in 1986 
and 0.34 kg a.i. ha"^ in 1987. Five Pioneer corn hybrids, 
(P3471, P3475, P3377, XC754 and P3358), were used. They were 
also selected based on the ratings of the grain moisture 
content at harvest relative to other Pioneer brand hybrids 
(referred to as harvest moisture relative maturity (HMRM) and 
GDU's (Pioneer Hi-Bred Int. Inc., 1989). P3471 and P3475 were 
classified as early midseason maturity hybrids (approximately 
114 HMRM), P3377 was classified as a late midseason maturity 
hybrid (approximately 122 HMRM) and P3358 was classified as 
late maturity (approximately 124 HMRM). XC754 is an 
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experimental line and was classified also as late maturity 
hybrid. 
Levels of N will be referred to as Nl, N2, N3; levels of 
K will be KO, Kl, K2; plant populations will be PPl, PP2, PP3; 
and hybrids will be referred to as HI, H2, H3, H4, H5. 
N-Serve will be referred to as -NS (no N-Serve) and +NS (with 
N-Serve) in future discussions. 
Leaf tissue analysis 
The hybrids were observed for date of 75% silking 
(Benson, 1986; Ritchie and Hanway, 1984). 
In 1986, leaves, as in Experiment I, were sampled for N 
analysis from the highest plant population (PP3) of all five 
hybrids to test the response to three levels of N and K only.. 
In 1987, leaf samples were obtained from the highest plant 
population (PP2) to test the response to three levels of N and 
K with or without N-Serve. 
To ensure uniform leaf sampling a systematic method as 
described by Jones and Steyn (1973) was followed with little 
modification. Eight plants per hybrid type were selected at 
random for sampling by pulling one leaf as described earlier. 
Since there are three plant populations in 1986 a systematic 
sampling procedure was followed. For PPl, 6 plants were 
counted from the end of the plot and every other plant 
sampled; for PP2, 8 plants were counted from and every third 
plant sampled; and for PP3, 10 plants were counted and every 
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fourth plant sampled. In 1987, the highest plant population 
(PP2) was sampled following the 1986 procedure for PP3 
sampling. 
Leaves were placed in holed paper bags and dried at 60°C 
for 5 days at the ISUAAERC before grinding them in a Wiley 
Mill to pass 2 mm-mesh sieve. Ground samples were collected 
and placed in sealed bottles. Nitrogen in the leaves was 
analyzed by micro-Kjeldahl method (Bremner, 1965; Nelson and 
Sommer, 1973). 
Stalk quality analvsis 
Sampling was conducted when the corn plants were at R2 to 
R3 stage in 1986, and R4 to R6 stage in 1987 (Ritchie and 
Hanway, 1984). 
In 1986, P3475 was sampled first, representing early 
maturing hybrids to test the response to three levels of N, K, 
and plant population with or without N-Serve. P3377, XC754 
and P3358 were sampled at the highest plant population (PP3), 
at KO and Kl, and at 3 levels of N with or without N-Serve. 
The procedures followed by Hautau (1987) and the 
procedures discussed here are almost similar. Using a 
machete, four corn plants were cut at the ground level and the 
upper stalk was discarded. Similar procedure for leaf 
sampling was followed but this time sampling was done at the 
other end of the row to avoid those plants previously sampled 
for leaf tissue analysis. Using duct tape, the lower stalks 
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were bound and labelled and immediately brought to the 
ISUAAERC and processed. 
After pulling off the leaves and leaf sheaths, the lower 
stalk was divided into several sections referred to as ground, 
1, 2, 3, 4, and 5. The ground, first, third, and fifth 
internodes were discarded. The second internode was measured 
for stalk diameter using a micrometer, followed by a 
measurement on the same internode for crushing strength. The 
machine used is equipped to measure the lateral breaking force 
of the stalk as previously described by other authors 
(Durrell, 1925; Jenkins, 1930; Jenkins and Gaessler, 1934). 
The fourth internode was directly sampled for soluble 
solids by crushing with a modified crushing instrument 
developed by our group to extract and collect 5 ml of sap in 
labelled test tubes. The sap sample was immediately placed on 
ice and was evaluated for soluble solids with AO 10430 Brix 
hand-refractometer. The rest of the sap samples were stored 
in sealed test tubes in a freezer for further analysis of K 
concentration. 
In 1987, hybrids were sampled according to corn growth 
stages (R4, R5, and R6 stage) at PP2 to test the response to 
three levels of N and K, with or without N-Serve. The growth 
stages will be referred to as sample 1, sample 2, and sample 3 
to correspond to R4, R5, and R6 stages, respectively. 
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One plant per hybrid plot at each sampling was harvested 
by cutting the stalk from the ground level and keeping only 
the second, third, and fourth internode. The five corn hybrid 
stalks per treatment combinations were bound with duct tape 
and immediately brought to the Crop Physiology Laboratory, 
Agronomy Building. The second and fourth internode were 
discarded and the pith from the third internodes was 
collected. Pith was scraped from the rind with a spatula, the 
fresh weight was recorded before storing it in a plastic bag 
and immediately frozen for further analysis of K content. 
The 1986 subsamples of stalk sap were thawed and diluted 
with pre-measured volume of deionized water. A 1:100 
sap:deionized water dilution ratio was done at all K levels 
before reading the concentration. The 1987 subsamples of pith 
were analyzed for sap K. Using a blender, 50 ml of deionized 
water was blended with every pith sample for 3 minutes. 
Labelled medium size glass test tubes were fitted with filter 
paper and placed on test tube racks for collection of the 
clear portion of the liquid sample. Further dilution of 1:10 
sap sample:deionized water ratio was done before the 
concentrations were read. 
The samples were shaken thoroughly before analyzing for K 
at emission mode using a Perkin-Elmer 5000 atomic absorption 
spectrophotometer. 
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Leaf Photosynthesis reading 
In 1986/ P3471 and P3475 were sampled for two 
replications of PP2 for measurement of leaf conductance (C) 
and COg exchange rate (CER) as a test of the response against 
. three levels of N and two levels of K (KO and Kl) with or 
without N-Serve. P3377, XC754 and P3358 were sampled at PP2 
and KO with or without N-Serve. The reading was conducted 
during R3-R4 growth stages of corn. 
The corn leaf above and opposite the ear of 4 plants at 
each hybrid plot was measured for leaf conductance and COg 
exchange rate using LI-6000 Portable Photosynthetic System^. 
LI-6000 has 32 K bytes internal memory and can typically store 
all data related to measurement. Stored data were downloaded 
at the HP personal computer at the Crop Physiology Laboratory, 
Agronomy building. The four sample data at each hybrid plot 
were averaged and analyzed statistically. 
Soil analysis 
After N fertilizer solution application with PIFA, 10.2 
cm garden labels were placed to mark injected spots in plots 
with highest N, K and plant population levels in both years. 
Soil NH^-N and NO^-N were measured as mentioned earlier at 
three varying dates to determine the relative length of time 
^A computer aided gas exchange measurement system 
developed by LI-COR, Department R2, Box 4425, Lincoln, 
Nebraska, USA. 
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the N fertilizer stayed in form. Three samples were 
collected at each date from each treatment combination at a 
depth of 15-20 cm. Each sample was sealed in labelled plastic 
bags and kept in the freezer for further analysis. 
Other Yeriables measgyed far analveie 
In 1986, plant height of all hybrids were recorded during 
R2-R3 growth stage. 
Stalk lodging of the 5 corn hybrids were rated on a 
percentage basis in both years before harvesting at 
physiological maturity. Because of a severe wind storm on 28 
July 1986 many plots had premature lodging, especially PP3. 
Lodging rate was estimated using a scale of 0-100% in 1986. 
However, in 1987, actual number of plants leaning 30° or more 
was counted and the ratio against total number of plants per 
row was obtained. 
Grain subsamples were weighed for fresh weight and then 
dried at 60°C for 4 days. Dry weight was recorded and the % 
moisture content of the grain was obtained. The same grain 
subsamples were ground in a Wiley Mill to pass 2-mm mesh sieve 
and collected in labelled coin envelopes. Before weighing the 
ground samples for N analysis, the samples in the coin 
envelopes were dried at 60°C in a forced draft drier 
overnight. Grain N was analyzed using micro-Kjeldahl 
technique. Seed crude protein was determined by multiplying 
total N by a factor of 6.25. 
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Corn grain yield was adjusted to 15.5% moisture content. 
Experiment III-A 
The experimental site is located at the ISUAAERC-Bruner 
Farm, Boone County, Iowa. The soil in this area is classified 
as Nicollet (Aguic Hapludolls)-Webster (Typic Haplaguolls) 
complex. Similar field preparation procedures as that of 
Experiment II were followed except for the application of 
Furadan 4F. 
The field was planted on 29 April 1987 and was harvested 
on 1-2 October 1987 (156-157 DAP). 
Experimental procedures 
The experimental site has a corn-soybean crop rotation so 
that the previous soybean crop was believed to be a residual 
source of 55 kg N ha~^ (Anderson, Dept. of Agronomy, Iowa 
State University, Ames, Iowa, personal communication). 
Additional 33 kg N ha"^ from urea was blanket applied to the 
entire field on 27 April 1987 using the fertilizer spreader 
and was followed by one pass of a field cultivation to mix 
the fertilizer with the soil. Thus the site had available N 
equivalent to 88 kg N ha~^. 
The experiment was conducted as a split-split plot design 
with three replications. Plant population served as the main 
plot with a factorial combination of timing of fertilizer 
application and levels of nitrogen arranged randomly served as 
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the subplot. The corn hybrids served as the sub-subplot. 
The two plant populations were approximately 70,000 and 
80,000 plants ha"l and will be referred to as PPl and PP2, 
respectively. The timing of fertilizer application were: 
Pre-plant, Split without N-Serve (SP-NS), and Split with N-
Serve (SP+NS). There are 6 levels of nitrogen: 88, 137, 165, 
193, 220, and 275 kg N ha"^ and will be referred to as Nl, N2, 
N3, N4, N5, and N6. 
Plant population plots measured 365.91 (approximately 
26.67 m X 13.72 m); timing of fertilizer application and 
levels of N plots consisted of 52.27 m^ (approximately 13.72 m 
X 3.81 m); and corn hybrid plots consisted of 10.45 m^ 
(approximately 13.72 m x 76.2 cm) in size. 
Varying amounts of N were added to the previously applied 
88 kg N ha~^ to meet the required N treatments (6 levels). 
Urea was broadcast by hand to the corresponding plots. For 
split application, the source of N was Urea Ammonium Nitrate 
solution (UAN). Only four rates of N was used with this 
application namely N2, N3, N4, and N5. The fertilizer 
solution was applied using the Point Injector Fertilizer 
Applicator (PIFA) with or without N-Serve at 55 DAP. N-Serve 
was added at the rate of 0.34 kg a.i. ha'^. 
Five corn hybrids were planned to be grown in the area 
with similar planting arrangements as in Experiment II but 
during the planting time one strip of P3475 was missed and it 
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was too late to replant the field. In the analysis only 
P3471, P3377 and XC754 were included. 
Variables measured fog analysis 
Leaf N concentration sampled at PP2, soil NH^-N and NOy-N 
concentration sampled at PP2 and N5, percent seed moisture 
content, seed protein, and grain yield were analyzed following 
the procedures discussed in Experiment II. 
All data were analyzed statistically as mentioned 
earlier. ANOVA was performed on 6 levels of pre-plant N 
fertilizer application for the grain yield, seed protein and % 
seed moisture. Another ANOVA was performed on the other 4 N 
levels used in the split application for the grain yield, seed 
protein, % seed moisture, and leaf N concentration. 
Experiments III-B and III-C 
The experiment was conducted in the 1988 cropping season 
located at ISUAAERC-Berkey Farm, Boone County, Iowa. The site 
was originally established in 1981 adjacent to Experiment II 
but with corn-soybean rotation (Bharati et al., 1986; Hautau, 
1987). Similar field preparation and management as in 
Experiment II was accomplished for this experiment. K 
fertilizer was not applied this year. 
Two types of treatment combinations were studied, N x K x 
method of fertilizer application and N x P. The first 
treatment combination was conducted in the 2,257.21 m^ 
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original plots and will be referred to as Experiment III-B. 
The second treatment combination was conducted on the 752.13 
m^ alley plots mentioned in Experiment II, which had not been 
fertilized with P and K since 1980, and will be referred to as 
Experiment III-C. 
Experiment III-B 
Pioneer 3471 was planted in 4-row plots on 6 May 1988 at 
approximately 70,000 plant ha~^ and was harvested on 3 October 
1988 (150 DAP) with corn combine harvester. 
A split-split plot design with 3 replications was used. 
N level (44, 88, 132 kg N ha"l) served as the main plots; K 
levels (0, 220, 330 kg K ha"^) served as the subplot which are 
arranged in strips perpendicular to the main plot; method of 
fertilizer application served as the sub-subplots and were 
arranged in strips perpendicular to the subplots. The methods 
of fertilizer applications are hand-broadcast pre-plant 
(HBPP), point-injected without N-Serve (PI-NS), and point-
injected with N-Serve (PI+NS). N and K rates will be referred 
to as Nl, N2, N3 and KO, Kl, K2, respectively. 
The source of pre-plant fertilizer is urea, applied on 5 
May 1988; and the source of point Injected fertilizer is Urea 
Ammonium Nitrate (UAN), applied at about V6 stage. N-Serve 
was applied at the rate of 1.78 kg a.i. ha~^. 
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Experiment III-C 
P3471 and Asgrow 777X were planted on 7 May 1988 at 
approximately 70,000 plants ha"^ ùsing a 2-row corn planter. 
The plots were harvested on 4 October 1988 (150 DAP). 
Three kinds of fertilizer materials were used, namely: 
ammonium polyphosphate (10-34-0) fertilizer solution as source 
of N and P (referred to as NP), urea ammonium nitrate solution 
(UAN), and super phosphate (referred to as P). NP was applied 
at the rate of 16 kg N ha""^, UAN was applied at the rate of 
160 kg N ha"l, and P was applied at the rate of 54 kg P ha"^. 
A randomized complete block design (RCBD) with 6 
treatments and 6 replications was used. The six treatments 
were; NP+NS, NP-NS, UAN+NS, UAN-NS, P and control (no 
fertilizer applied). Statistical analysis for hybrids P3471 
and Asgrow 777X were separate. 
Percent seed moisture, weight of 100 seeds and grain 
yield adjusted to 15.5% moisture content were calculated. 
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RESULTS AND DISCUSSION 
A separate results and discussions will be presented for 
Experiments I, II, and III. 
Experiment I 
The repense of Dekalb and Pioneer corn hybrids were 
evaluated at three rates of N applied either as pre-plant or 
as split with or without N-Serve. The experimental site was 
located at Christensen Research Farm, Humboldt, Iowa. 
The analysis of variances (ANOVA) for variables measured 
in both years are summarized in Table 1. Table of means was 
constructed for any factor or interaction that showed 
significance in the ANOVA table. A least significance 
difference (LSD), at 5% level of significance, was performed 
to compare the differences between pairs of treatment means. 
Leaf nitrogen 
Significant effects at the p<0.01 and p<0.05 levels were 
obtained in 1986 and 1987 due to nitrogen level. A 
significant effect at the p<0.05 level in 1987, but not in 
1986, was observed due to hybrids (Table 1). 
The significant difference observed in 1987 due to 
hybrids was attributed to higher leaf N concentration of DK547 
compared to the other Pioneer hybrids (Table 2b and Figure 1). 
The three Pioneer corn hybrids showed no significant mean leaf 
N difference. 
Table l.Mean square and significance in the analysis of 
variance (ANOVA) on variables^ measured at Humboldt, Iowa 
Source df LFN86 LFN87 L0DG86 LODG87 
Replication 1 12.04 0.16 27.47 138.02 
Hybrid (H) 3 19.72 28.90* 271.92* 118.13 
Error a 3 9.96 2.20 16.50 45.37 
Nitrogen (N) 2 75.58** 31.50* 19.35 5.32 
N X H 6 2.92 6.27 21.05 9.04 
Error b 8 2.43 2.36 16.27 9.87 
Time (T) 1 9.75 5.32 29.97 137.97 
T X H 3 4.42 0.15 23.07 8.84 
T X N 2 9.85 1.28 10.32 15.25 
T X H X N 6 1.15 1.43 1.70 10.75 
Error c 12 4.09 1.14 15.31 12.46 
N-Serve (S) 1 9.25 0.32 61.18* 4.05 
S X H 3 1.48 0.25 11.34 6.24 
s X N 2 0.54 2.07 8.40 15.48 
S X T 1 0.92 2.10 9.65 0.01 
S X H X N 6 2.61 0.97 8.45 2.89 
S X H X T 3 2.12 0.26 5.15 13.69 
S X N X T 2 1.86 1.25 18.04 3.64 
S X H X N X T 6 0.70 1.24 7.25 9.99 
Error d 24 3.06 1.15 6.62 20.43 
^Variables measured in 1986 and 1987. LFN=Leaf Nitrogen; 
LODG=Stalk Lodging; DPEAR=Dropped Ears; SMOIST=Seed Moisture. 
*'**Significant at 0.05 and 0.01 level of significance, 
respectively. 
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DPEAR86 DPEAR87 SMOIST86 SMOIST87 
41.09 0.96 8.05 43.87 
181.82 32.52* 26.01* 36.62* 
61.98 2.86 1.14 2.25 
1.35 0.18 1.09 0.38 
6.13 5.07 1.93 3.62 
6.59 2.41 0.71 3.31 
14.43* 12.66* 1.35 2.63* 
2.51 6.54* 0.67 0.11 
6.50 1.81 0.58 0.35 
1.71 6.11 0.31 0.18 
2.41 1.65 0.43 0.30 
1.41 24.79* 0.48* 2.63** 
2.27 5.27 0.01 0.26* 
4.83 7.64* 0.07 0.05 
0.05 3.58 0.40 0.01 
2.53 1.88 0.10 0.24* 
0.39 0.41 0.43* 0.06 
0.69 3.97 0.33* 0.13 
1.58 7.58* 0.28* 0.07 
4.46 1.96 0.09 0.08 
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(Table 1. Continued) 
YIELD86 YIELDS? SEEDPROTEIN86 
2.03 9.73 73.50 
28.04** 15.76 345.90 
0.76 1.83 20.60 
6.01** 1.42 858.40 
0.82 0.20 79.10 
0.48 0.68 31.50 
0.06 1.76* 134.90' 
0.36 0.39 8.70 
0.17 0.21 51.00 
0.25 0.23 56.40 
0.21 0.36 25.00 
2.07* 2.59** 74.90 
0.09 0.09 31.60 
0.08 0.04 29.00 
0.08 0.01 38.50 
0.10 0.24* 30.90 
0.04 0.01 56.00 
0.03 0.07 33.30 
0.09 0.06 66.40 
0.06 0.06 28.90 
Table 2a. Effect of hybrid on the parameters measured at Humboldt, Iowa in 1986^ 
Leaf Stalk Dropped Seed Grain Seed 
Nitrogen Lodging Ears Moisture Yield Protein 
Hybrid (g kg (%) (%) (%) (Mg ha~^) (g kg" ) 
DK524 26.30 a 15.41 a 8.04 a 18.23 C 9.57 c 92.08 a 
P3732 27.52 a 10.65 be 2.95 a 19.55 b 11.02 b 93.53 a 
P3475 25.03 a 11.57 b 3.77 a 20.08 ab 11.84 a 94.64 a 
P3377 26.39 a 7.22 c 1.69 a 20.67 a 12.34 a 86.12 b 
2.90 3.73 7.37 0.98 0.81 4.17 
^Means with the same letter are not significantly different in this table and 
subsequent tables. 
Table 2b. Effect of hybrid on the parameters measured at Humboldt, Iowa in 1987 
Leaf Stalk Dropped Seed Grain 
Nitrogen Lodging Ears Moisture Yield 
Hybrid (g kg (%) (%) (%) (Mg ha~^) 
DK547 29.59 a 11.62 a 1.48 b 18.54 b 11.12 b 
P3732 28.19 b 6.97 a 2.62 ab 18.23 b 11.02 b 
P3475 27.14 b 11.67 a 3.92 a 20.99 a 11.06 b 
P3377 27.30 b 9.58 a 1.45 b 19.37 b 12.68 a 
^^0.05 1.37 6.18 1.41 1.37 1.24 
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Table 3a shows the mean leaf N at 3 levels of applied N 
in 1986. Leaf N at N1 was significantly lower than at either 
N2 or N3. No difference was observed between ,N2 and N3 in 
terms of the effect on cencentration of N in the leaves. The 
same observations could be made for the 1987 data (Table 3b). 
Jones (1967 and 1970) reported that corn at silk stage 
has sufficiency leaf N in the range of 26.72 to 35.0 g N kg"^ 
DW; while Neubert et al. (1969) reported a sufficiency range 
of 27.0 to 40.0 g N kg~^ DW. Olson and Kurtz (1982), on the 
other hand, reported the range for low leaf N concentration 
ranging from 22.60 to 27.50 g N kg"^ DW. 
Based on the Olson and Kurtz rating, leaf N in all the 
hybrids used in 1986, and P3475 and P3377 in 1987 fall in the 
category of low leaf N concentration (Tables 2a and 2b). 
Hanway (1962) reported that corn leaf content of 28.0 g N kg~^ 
DW is considered adequate for 95% maximum yield. DK547 and 
P3732 in 1987 both had leaf N contents greater than this value 
(Table 2b). 
Stalk lodging 
In 1986 the single factors hybrid and N-Serve showed 
significant effects at the p<0.05 level of significance, as 
shown in the ANOVA (Table 1). 
Comparison of hybrid means showed that DK524 was 
significantly different from the other three hybrids, having 
the highest percent stalk lodging (Table 2a and Figure 2). 
Table 3a. Effect of three rates of N on the parameters measured at Humboldt, 
Iowa in 1986 
Leaf Stalk Dropped Seed Grain Seed 
N level Nitrogen Lodging Ears Moisture Yield _ Protein 
(kg ha"i) (g kg ) (%) (%) (%) (Mg ha" ) (g kg" ) 
88 24.65 b 10.89 a 3.88 a 19.71 a 10.78 b 85.76 b 
176 27.13 a 10.64 a 4.28 a 19.77 a 11.43 a 93.37 a 
264 27.36 a 12.09 a 4.17 a 19.43 a 11.59 a 95.63 a 
LSDo 05 0.90 0.40 1.48 0.49 0.40 3.23 
4k 
Table 3b. Effect of three rates of N on the parameters measured at Humboldt, 
Iowa in 1987 
Leaf Stalk Dropped Seed Grain 
N level Nitrogen Lodging Ears Moisture Yield 
(kg ha"i) (g kg ) (%) (%) (%) (Mg ha" ) 
88 26.94 b 9.51 a 2.29 a 19.16 a 11.23 a 
176 28.54 a 10.06 a 2.40 a 19.36 a 11.55 a 
264 28.76 a 10.31 a 2.43 a 19.33 a 11.63 a 
LSDo.oS 0.89 1.81 0.89 1.05 0.48 
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P3475 showed significant difference from P3377 but not from 
P3732. P3732 and P3377 Showed no significant difference as 
well in terms of stalk lodging. 
It was reported that high stalk rot incidence increased 
stalk lodging. Dorich et al. (1987) assesed the stalk rot 
severity at varying rates of N on 14 corn hybrids. They 
compared the response to no N-Serve and with N-Serve 
treatments. The results showed that stalk rot in inoculated 
high-responsive hybrid stalks decreased by 20 to 50% in 
treatments where N-Serve was added. 
The addition of N-Serve in 1986 resulted in a 
significantly lower stalk lodging compared to no N-Serve 
treatment (Table 5a and Figure 2). 
In 1987, only the time of N fertilizer application showed 
a significant effect on stalk lodging, as shown in the ANOVA 
(Table 1). Split N fertilizer application caused a 
significantly higher percent stalk lodging compared to pre-
plant N fertilizer application (Table 4b). 
Dropped ears 
The time of N fertilizer application was the only factor 
in 1986 which showed significant effect on percent dropped 
ears (Table 1). Analysis of the means showed that split N 
fertilizer application caused higher percent dropped ears 
compared to pre-plant fertilizer application (Table 4a). 
On the other hand in 1987, the single factors hybrid, time. 
Table 4a. Effect of time of fertilizer application on the parameters measured at 
Humboldt, Iowa in 1986 
Leaf Stalk Dropped Seed Grain Seed 
Time of Nitrogen Lodging Ears Moisture Yield _ Protein 
Application (g kg ) (%) (%) (%) (Mg ha" ) (g kg" ) 
Pre-Plant 26.69 a 10.65 a 3.73 b 19.75 a 11.30 a 92.78 a 
Split 26.05 a 11.76 a 4.50 a 19.51 a 11.25 a 90.40 b 
LSOg 05 0.90 1.74 0.69 0.29 0.21 2.23 
Table 4b. Effect of time of fertilizer application on the parameters measured at 
Humboldt, Iowa in 1987 
Leaf 
Time of 
Application 
Nitrogen (g kg I) 
Stalk 
Lodging 
(%) 
Dropped 
Ears 
(%) 
Seed 
Moisture 
(%) 
Grain 
Yield 
(Mg ha" ) 
Pre-Plant 27.43 a 8.76 a 
Split 28.31 a 11.16 a 
LSDo.05 0.48 1.57 
2.01 b 19.11 b 11.60 a 
2.72 a 19.45 a 11.33 b 
0.57 0.24 0.27 
Table 5a. Effect of N-Serve on the parameters measured at Humboldt, Iowa in 1986 
Leaf Stalk Dropped Seed Grain Seed 
Nitrogen Lodging Ears Moisture Yield _ Protein 
N-Serve (g kg (%) (%) (%) (Mg ha~^) (g kg~^) 
+NS 26.68 a 10.41 b 4.23 a 19.57 a 11.42 a 92.47 a 
-NS 26.07 a 12.00 a 3.99 a 19.71 b 11.12 b 90.71 a 
LSDg Qg 0.74 1.08 0.78 0.13 0.10 2.27 
Table 5b. Effect of N-Serve on the parameters measured at Humboldt, Iowa in 1987 
Leaf Stalk Dropped Seed Grain 
Nitrogen Lodging Ears Moisture Yield _ 
N-Serve (g kg ) (%) (%) (%) (Mg ha ) 
+NS 28.13 a 10.17 a 
-NS 28.02 a 9.75 a 
LSDo.05 0.45 0.10 
2.88 a 19.12 b 11.63 a 
1.86 a 19.45 a 11.30 b 
0.59 0.10 0.10 
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and N-Serve, two-way interactions of Hybrid x Time and N-Serve 
X Nitrogen, and the four-way interaction of N-Serve x Hybrid x 
Nitrogen x Time showed significant effects at the p<0.05 
level. Figure 3 shows the relative response of corn hybrids 
to time of fertilizer application. Split N fertilizer 
application caused an increase in percent dropped ears 
compared to pre-plant N fertilizer application, a similar 
response to the 1986 data. P3475 had the highest percent 
dropped ears. DK547 and P3377 both had lower percent dropped 
ears than P3475. Unlike the Dekalb hybrids, the response of 
the Pioneer hybrids were almost similar in 1986 and 1987 in 
terms of percent dropped ears. 
Table 6 shows the response, in terms of % dropped ears, 
to 3 rates of N and to N-Serve treatment. There was an 
observed significant increase in percent dropped ears when N-
Serve was added with N1 and N2. The same was not observed at 
N3. The same table shows that with N-Serve treatment N3 
resulted in the least percent dropped ears, while no 
difference was observed between N1 and N2. Without N-Serve, 
no significant difference was observed among the three N rates 
on their effect on percent dropped ears. 
Seed moisture 
In 1986, three-way interactions of N-Serve x Hybrid x 
Time and N-Serve x Nitrogen x Time, and a four-way interaction 
of N-Serve x Hybrid x Nitrogen x Time showed significant 
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Table 6. Effect of three rates of N and N-Serve on percent 
dropped ears in 1987 
Nitrogen Level fka ha'^l 
N-Serve 88 176 264 Mean 
-NS 1.52 1.74 2 .32 1.86 
+NS 3.34 3.05 2 .25 2.88 
Mean 2.43 2.40 2 .29 
LSDQ. 05 for Nitrogen (N) = 0.89 
LSDQ. 05 for N-Serve (S) = 0.59 
LSDo. 05 for N x S = 1.02 
effects at p<0.05 level (Table 1). On the other hand, in 
1987, the single factors hybrid and time, a two-way 
interaction of N-Serve x Hybrid, and a three-way interaction 
of N-Serve x Hybrid x Nitrogen (p<0.05 level) showed 
significant effects in the ANOVA table. A significant effect 
(p<0.01) was also observed to be due to the single factor N-
Serve in 1987. 
Table of means of the hybrid and N-Serve effects showed 
that the addition of N-Serve resulted in a significantly lower 
percent seed moisture at harvest in 1986 (Table 7). However, 
in 1987 the same observation could be made only with P3732 and 
P3377. Relatively, for both years, it was observed that P3475 
and P3377 had significantly higher seed moisture contents than 
DK524 and P3732, with or without N-Serve treatment. 
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Table 7. Effect of N-Serve on seed moisture (%) content of 
corn hybrids 
Hybrid -NS 
N-Serve 
+NS Mean 
DK524 
P3732 
P3475 
P3377 
Mean 
DK547 
P3732 
P3475 
P3377 
Mean 
18.30 
19.60 
20.16 
20.75 
19.71 
18.63 
18.45 
21.05 
19.65 
19.45 
- 1986 
18.17 
19.49 
20.00  
20 .60  
19.57 
- 1987 
18.45 
18.01 
20.92 
19.08 
19.12 
18.23 
19.55 
20.08 
20.67 
18.54 
18.23 
20.99 
19.37 
LSDO.O5 for Hybrid (H) in 1986 = 0.98; in 1987 =1.37 
LSDo.o5 for N-Serve (S) in 1986 = 0.13; in 1987 = 0.10 
LSDO.O5 for H X S in 1986 = 0.26; in 1987 = 0.24 
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Timing of N fertilizer application had differing results 
for the two years (Tables 4a and 4b). In 1986, pre-plant and 
split N fertilizer application showed no difference in their 
effect on percent seed moisture content. In 1987 seed 
moisture content was higher when fertilizer was applied in 
split. 
Grain yield 
In 1986, the single factors hybrid, nitrogen, and N-Serve 
significantly affected grain yield; in 1987, the single 
factors N-Serve and time, and the three-way interaction of 
N-Serve x Hybrid x Nitrogen showed significant effects (Table 
1). 
Tables 2a and 2b show the mean grain yield of corn 
hybrids in both years. Grain yield data at three rates of N 
are presented in Tables 3a and 3b. Figure 4 shows the grain 
yield of each corn hybrid at three N rates. 
In both years, P3377 had a greater grain yield than the 
other hybrids, with an average of 12.51 Mg ha~^ across all 
factors tested (Tables 2a and 2b, Figure 4). This hybrid also 
had a low rate of stalk lodging and percent dropped ears. The 
greater grain yield of this hybrid in this experiment probably 
was because it was the fullest season hybrid. DK524, on the 
other hand, a very early hybrid showed the lowest grain yield 
of about 9.57 Mg ha~^ in 1986. It had a high rate of stalk 
lodging and dropped ears. P3475 had greater grain yield than 
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P3732 in 1986. The mean yield differences of DK547, P3732, 
and P3475 in 1987 were not significantly different from each 
other. 
Application of nitrogen at increasing rates from 88 to 
264 kg N ha"l increased grain yield in 1986, but no difference 
was observed between yields at 176 and 264 kg N ha"^ (Table 
3a). Although there was an increasing trend in grain yield in 
1987, no significant difference was observed between N rates 
(Tables 3b). Although not significant, Figure 4 indicates 
that the early hybrid responded less to rates of N than did 
the full season hybrids. 
A number of researchers reported that N-Serve 
incorporation with fertilizer not only increased grain yield 
but also grain N (Hanson et al., 1986; Warren et al., 1981; 
Hale and Sprenkel, 1983; Andrade, 1983; Jellum et al., 1973). 
Tables 5a and 5b and Figure 5 show that the addition of 
N-Serve resulted in increased grain yield. A two-year average 
of 11.21 and 11.52 Mg ha~^ for no N-Serve and with N-serve 
treatments, respectively, was observed. For this particular 
experiment, N-Serve incorporation with urea appeared to 
increase yield of the corn hybrids. From Figure 5 it can be 
observed that most of the corn hybrids showed positive yield 
response to the presence of N-Serve. The yield responses to 
time of fertilizer application were not significantly 
different in 1986 (Table 4a). In 1987, pre-plant fertilizer 
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application produced a significant yield increase over split 
application (Table 4b). 
Although there was no significant difference observed in 
the three-way interaction of Time x N-Serve x Nitrogen, a plot 
of means was constructed (Figure 6). The figure illustrates 
that pre-plant fertilizer application with N-Serve treatment 
produced greater yield compared to the other treatments, and 
the difference was more evident in 1987. 
Seed protein 
Seed protein analysis in 1986 showed that the single 
factors nitrogen and hybrid were significant at p < 0.01, 
while time of application was significant at the p<0.05 level 
(Table 1). 
The table of means shows that the significant difference 
was due to the lower seed protein content of P3377 compared to 
the other hybrids (Table 2a). DK524, P3732, and P3475 did not 
show any significant differences in their seed protein 
content. 
Increased rates of N resulted in higher seed protein 
content (Table 3a). Nitrogen rate of 88 kg ha~^ produced 
lower seed protein content compared to the two higher N rates. 
On the other hand, the seed protein content at N2 and N3 were 
not significantly different from each other (Table 3a). 
Although no significant effect was observed on two-way 
interaction of H x N, plot of means was constructed to see the 
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differences in response of individual hybrids to application 
of N fertilizer. It was observed that the early hybrid, 
DK524, responded the most to increasing rates of N (Figure 7). 
Table 4a shows that the pre-plant N fertilizer 
application was significantly different from split N 
fertilizer application having higher seed protein content in 
pre-plant compared to split N fertilizer application. The 
application of 88 kg N ha~^ before planting produced a higher 
grain protein content than when it was applied as a split 
application (Figure 8). However, the higher two rates of N 
were not significantly different in their effect on the seed 
protein content of corn either with application before 
planting or as a split. 
Soil nitrogen 
Table 8 shows the ANOVA for soil analysis data. No 
significant difference was observed between pre-plant and 
split N fertilizer application, with or without N-Serve, at 
240 kg N ha"^ plot. However, Table 9 was constructed to show 
the trend of means. 
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Table 8. Analysis of variance for soil N at Humboldt, Iowa 
in 1986 
NH4-N NO3-N 
Source df MS F MS F 
Replication 1 0.11 42.96 
Treatments 3 13.45 1.79 32.68 2.39 
Error 3 2.50 13.68 
Table 9. Mean 
Iowa 
values of soil N (#g g" 
in 1986 sampled at 240 
dry soil) at Humboldt, 
kg N ha" and P3732 plot 
Treatments® NH4-N NO3-N 
PP-NS 1.41 1.55 
PP+NS 1.17 1.52 
SP-NS 1.41 8.80 
SP+NS 4.32 8.24 
LSDo.05 5.03 11.76 
®PP-NS = Pre-Plant Minus N-Serve; PP+NS = Pre-Plant Plus 
N-Serve; SP-NS = Split Plus N-Serve; SP-NS = Split Minus 
N-Serve. 
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Experiment II 
The response of 5 Pioneer corn hybrids were evaluated at 
three rates of N and K with or without N-Serve. The source of 
N in 1986 was (NH^jgSO^. Urea, for the for the first split 
application, and UAN, for the second split application, were 
the source of N in 1987. N fertilizer solution was applied 
using point injector fertilizer applicator (PIFA). Corn was 
planted at the rate of 45,000, 60,000, and 70,000 plants ha~^ 
in 1986 and at the rate of 65,000 and 80,000 plants ha~^ in 
1987. 
The experimental site was located at ISUAAERC-Berkey 
Farm, Boone, County, Iowa. 
The ANOVA for leaf N is presented in Tables 10 and 11. A 
separate ANOVA for (a) plant height in 1986 is presented in 
Table 12, (b) leaf photosynthesis reading in 1986 of P3471 and 
P3475 in Table 13 and P3377, XC754 and P3358 in Table 14, (c) 
stalk quality analysis of P3475 in Table 15 and P3377, XC754 
and P3358 in Table 16 in 1986, (d) stalk sap K concentration 
of the five hybrids in 1987 in Table 23, (e) seed moisture, 
stalk lodging, seed protein and grain yield for both years in 
Tables 26 and 27. Tables of means for the effects of main 
factors were constructed and are shown in Tables 28 to 32. 
The ANOVA table for soil N analysis is presented in Table 35. 
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Leaf nitrogen 
The single factors nitrogen and hybrid showed significant 
effects at p<0.05 and p<0.01 levels of significance, 
respectively, in both years (Tables 10 and 11). 
The significant difference due to N in 1986 was 
attributed to the lower leaf N concentration at lowest N rate 
(21.79 g N kg~^ dry weight (DW)) compared to N2 (24.31 g N kg" 
^ DW) and N3 (25.07 g N kg"^ DW) (Figure 9). No significant 
difference was observed between N2 and N3. 
A similar trend was observed in 1987 but leaf N 
concentrations are higher compared to 1986 (Figure 9). N1 
produced 26.04 g N kg~^ DW, which is significantly lower than 
N2 (27.17 g N kg"l DW) and N3 (28.49 g N kg"^ DW). 
Leaf N concentration of XC754 was significantly lower, 
20.89 and 24.87 g N kg~^ DW, in 1986 and 1987, respectively, 
compared to the other hybrids (Figure 9). P3471 in 1986, and 
P3358 in 1987, had significantly higher leaf N concentration 
compared to the other hybrids. 
In 1986, P3358 produced 24.43 g N kg"^ DW which was 
significantly higher than from P3475 (22.91 g N kg~^ DW) and 
XC754, but was not significantly different from P3377 (24.80 g 
N kg"l DW). 
In 1987, leaf N concentration of P3471 was significantly 
different from P3377, P3475 and XC754 (28.50, 26.82, 25.68, 
and 24.87 g N kg"^ DW, respectively). P3377 and P3475 leaf N 
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Table 10. Analysis of variance for leaf N concentration of 
five corn hybrids at Berkey Farm in 1986 
Source df MS F 
Replication 2 32.77 
Nitrogen (N) 2 132.72 8.53* 
Potassium (K) 2 11.44 0.74 
N X K 4 4.01 0.26 
Error a 18 15.56 
Hybrid (H) 4 93.56 53.84** 
H X N 8 2.25 1.30 
H X K 8 2.63 1.52 
H X N X K 16 2.18 1.26 
Error b 72 1.73 
*'**Significant at the 0.05 and 0.01 level of 
significance, respectively. 
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Table 11. Analysis of variance for leaf N concentration of 
five corn hybrids at Berkey Farm in 1987 
Source df MS F 
Replication 2 51.92 
Nitrogen (N) 2 135.29 6.84* 
Potassium (K) 2 57.43 2.90 
N X K 4 2.53 0.27 
Error a 18 19.78 
N-Serve (S) 1 0.004 0.00 
S X N 2 7.99 0.69 
S X K 2 10.57 0.92 
S X N X K 4 9.41 0.81 
Error b 18 11.54 
Hybrid (H) 4 256.58 27.31* 
H X N 8 10.95 1.17 
H X K 8 6.70 0.71 
H X S 4 1.90 0.20 
H X N X K 16 8.19 0.87 
H X N X S 8 9.53 1.02 
H X K X S 8 8.70 0.93 
H X N X K X S 16 6.96 0.74 
Error c 144 9.39 
*'**Significant at the 0.05 and 0.01 level of 
significance, respectively. 
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concentration was not significantly different from each other 
(Figure 9). 
Jones (1967 and 1970) reported the N sufficiency range of 
ear leaf at silk ranging from 27.6 to 35.0 g N kg~^ DW; while 
Neubert et al. (1969) reported a sufficiency range of ear leaf 
at silk ranging from 26.0 to 40.0 g N kg~^ DW. 
The values obtained in 1986 fall below these sufficiency 
ranges. Except for XC754 and P3475, the rest of the hybrids 
in 1987 contain leaf N which are within the sufficiency range 
mentioned above. In addition, Olson and Kurtz (1982) reported 
that the range for low leaf N concentration ranges from 2.26 
to 2.75% or 22.60 to 27.5 g N kg~^ DW. Hanway (1962) stated 
that corn leaf content of 28 g N kg~^ DW is considered 
adequate for 95% maximum yield. The data obtained in 1987 at 
N3 fall in this category. 
Plant height 
Table 12 shows the ANOVA for plant height of five corn 
hybrids in 1986. The main effect of K and P was significant 
at the p<0.05 level, while the main effect of hybrid was 
significant at p<0.01 level. 
The significant difference due to K was evidenced by 
shorter corn plants (234.6 cm) at no K treatment compared to 
that with K treatments. Plant heights were similar at K1 and 
K2 treatments (243.6 cm). 
Adelana and Milbourn (1972) showed that increasing plant 
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Table 12. Analysis of variance for plant height of five corn 
hybrids at Berkey Farm in 1986 
Source df MS F 
Replication 2 675.8 
Nitrogen (N) 2 519.4 0.97 
Potassium (K) 2 3,879.6 7.25* 
N X K 4 520.6 0.97 
Error a 16 535.1 
Population (P) 2 2,525.1 8.54* 
P X N 2 221.1 0.75 
P X K 4 265.8 0.90 
P X N X K 8 315.2 1.07 
Error b 36 ,295.7 
Hybrid (H) 4 8,598.1 136.59** 
H X N 8 81.9 1.30 
H X K 8 74.3 1.18 
H X P 8 80.1 1.27 
H X N X K 16 101.9 1.62 
H X N X P 16 73.4 1.17 
H X K X P 16 55.6 0.88 
H X N X K X P 32 69.9 0.11 
Error c 216 62.9 
A UL UL 
' Significant at the 0.05 and 0.01 level of 
significance, respectively. 
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population resulted to taller corn plants but, the tendency 
for stalk lodging was greater. In this experiment, the 
significant difference due to plant population was caused by 
shorter corn plants (235.6 cm) at PPl compared to PP2 and PP3. 
PP2, with an average plant height of 235.6 cm, and PP3 (243.1 
cm) showed no significant plant height difference. 
Based on the characteristics of Pioneer brand hybrids 
(Pioneer Hi-Bred Int. Inc., 1989), from the scale of l to 9, 
where 1 is short, 5 is average, and 9 is high, P3475 has a 
rating of 3 and P3471 has rating of 9. P3377 and P3358 both 
had a rating of 5. XC754 was not included in the data. 
Figure 10 shows the relative plant height differences of 
the corn hybrids. P3475 was found to be the shortest hybrid 
(224.6 cm) and is significantly different from the other 
hybrids. P3358 with an average plant height of 239.6 cm was 
also significantly shorter than the other hybrids. P3377 and 
XC754 with average plant heights of 243.4 and 241.9 cm, 
respectively, were not significantly different from each 
other. P3471 with an average plant height of 253.2 cm was 
found to be the tallest among the hybrids. 
The data obtained in 1986 were used for planting 
arrangement of the hybrids in 1987 and no measurement was 
conducted during that year. 
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Leaf PhotosvnthesIs 
A number of literatures state that if the leaf 
conductance is high, photosynthetic rate is high, meaning the 
leaf stomates are open enough to have greater COg diffusion 
from the air to the chloroplast. Approximately 1 to 2% 
nitrogen (10 to 20 g N kg"^ DW) and 40% carbon (400 g C kg~^ 
DW) compose the dry matter of corn (Dow Chem. Co., 1986). It 
. was also reported that the high carbon content of corn 
dictates a predominant role to photosynthesis to produce 
carbon containing carbohydrates in achieving maximum yield. 
The ANOVA shows that the type of hybrid (P3475 and P3471) 
had a significant effect on leaf conductance (Table 13). Leaf 
conductance in P3475 was significantly high compared to that 
in P3471 (0.40 and 0.34 cm s~^, respectively). LSD at 5% 
level is 0.05 cm s~^. No significant difference was observed 
on their leaf CER. 
The ANOVA for leaf conductance and CER of P3377, XC754, 
and P3358 in 1986 are shown in Table 14. The single factor N-
Serve showed significant effect (p<0.05 level) on leaf CER but 
not on leaf conductance. The single factor hybrid, on the 
other hand, showed significant effect on both leaf conductance 
and CER. 
Figure 11 shows no leaf conductance and CER difference 
between P3358 and XC754. P3358 has 0.72 cm s~^ and 17.90 fimol 
m'^ s~^ leaf conductance and CER readings; XC754 had 0.71 cm 
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Table 13. Analysis of variance for leaf conductance and CO? 
exchange rate of P3471 and P3475 at Berkey Farm in 
1986 
C CER 
Source df MS F MS F 
Replication 1 0.0567 49.752 
Nitrogen (N) 2 0.0034 0.17 3.293 0.08 
Potassium (K) 1 0.0031 0.16 0.130 0.00 
N X K 2 0.0019 0.61 5.508 0.13 
Error a 5 0.0196 42.105 
N-Serve (S) 1 0.0003 0.09 0.569 0.04 
S X N 2 0.004 0.12 34.059 2.35 
S X K 1 0.015 0.45 0.905 0.06 
S X N X K 2 0.0021 0.63 9.117 0.63 
Error b 6 0.0033 14.466 
Hybrid (H) 1 0.0475 6.88* 71.075 3.39 
H X N 2 0.0099 1.43 0.026 0.00 
H X K 1 0.0001 0.01 2.583 0.12 
H X S 1 0.0000 0.00 19.611 0.93 
H X N X K 2 0.0048 0.69 6.528 0.31 
H X N X S 2 0.0000 0.00 0.377 0.02 
H X K X S 1 0.0004 0.06 0.182 0.01 
H X N X K X S 2 0.0013 0.18 5.824 0.28 
Error c 12 0.0069 20.989 
*Signifleant at the 0.05 level of significance. 
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Table 14. Analysis of variance for leaf conductance and CO. 
exchange rate of P3377, XC754 and P3358 at Berkey 
Farm in 1986 
CER^ 
Source df MS F MS F 
Replication 1 0.056 34.917 
Nitrogen (N) 2 0.109 0.54 50.901 0.54 
Error a 2 0.204 94.440 
N-Serve (S) 1 0.047 1.67 68.175 14.23* 
S X N 2 0.014 0.51 12.832 2.68 
Error b 3 0.028 4.792 
Hybrid (H) 2 0.016 4.68* 35.444 3.68* 
H X N 4 0.005 1.43 5.362 0.58 
H X S 2 0.003 1.43 0.096 0.01 
H X N X S 4 0.008 2.33 9.740 1.06 
Error c 12 0.003 3.031 
= Leaf Conductance (cm s~^). 
^CER = COg Exchange Rate (/xmol m"^ s~^) . 
*Significant at 0.05 level of significance. 
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Figure 11. Effect of hybrid and N-Serve on leaf conductance 
and COg exchange rate 
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and 15.97 jumol respectively. P3377 was 
significantly different from P3358 and XC754 both in terms of 
C and CER measured. LSD at 5% level for the main factor, 
hybrid, was 0.05 cm s~^ and 2.75 pmol m~^ s~^ C and CER, 
respectively. 
The addition of N-Serve had the tendency to lower the CER 
by 2.75 jumol m~^ s"^ compared to no N-Serve treatment. This 
computed value is greater than 2.32 pmol m"^ s~^ of the LSD at 
5%, meaning their difference is significantly different from 
each other. 
Stalk quality 
ANOVA for stalk quality of P3475 and of P3377, XC754 and 
P3358 in 1986 is presented in Tables 15 and 16. In 1987, only 
the sap K content of the five hybrids was analyzed and the 
ANOVA is presented in Table 23. 
Soluble solids The single factor K, N-Serve and the 
two-way interaction of N-Serve x Nitrogen were significant at 
p<0.05 level while plant population was significant at p<0.01 
level for soluble solids of P3475 (Table 15). 
The significant difference due to K was caused by the 
decline in soluble solids when K fertilizer was added. KO was 
significantly different from K1 and K2 on its effect on 
soluble solids in corn stalks (Table 17). 
A decrease in soluble solids was also observed when plant 
population was increased. At the lowest plant population 
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Table 15. Mean square and significance in the analysis of 
variance on stalk quality of P3475 at Berkey Farm 
in 1986 
SOLUBLE STALK STALK 
Source df SOLIDS STRENGTH DIAMETER SAP K 
Replication 2 9.63 35.29 0.015 1.32 
Nitrogen (N) 2 217.95 13.79 0.044 3.56 
Potassium (K) 2 1,056.02* 452.55* 0.299** 55.66** 
N X K 4 204.02 12.98 0.018 3.38 
Error a 16 135.11 57.80 0.024 4.86 
Population (P) 2 2,850.39** 1,754.46** 0.252** 0.73 
P X N 4 57.28 162.01* 0.010 1.97 
P X K 4 84.05 45.33 0.001 0.42 
P X N X K 8 85.99 299.95 0.018 0.26 
Error b 36 61.33 40.63 0.018 1.01 
N-Serve (S) 1 315.28* 24.34 0.002 0.81 
S X N 4 198.83* 90.64 0.030 0.85 
S X K 2 71.28 5.31 0.006 0.82 
S X P 2 7.58 0.51 0.028 0.11 
S X N X K 4 108.22 16.60 0.013 0.72 
S X N X P 4 22.35 27.01 0.015 0.25 
S X K X P 4 6.49 56.47 0.009 0.42 
S X N X K X P 8 34.66 26.02 0.008 0.44 
Error c 54 43.51 43.95 0.014 0.29 
*'**Significant at 0.05 and 0.01 level of significance, 
respectively. 
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Table 16. Mean square and significance in the analysis of 
variance on stalk quality of P3377, XC754, and 
P3358 at Berkey Farm in 1986 
STALK STALK 
Source df STRENGTH DIAMETER 
Replication 1 182.94 0.034 
Nitrogen (N) 2 501.57** 0.102 
Potassium (K) 1 27.00 0.010 
N X K 2 56.86 0.069 • 
Error a 10 110.64 0.060 
N-Serve (S) 1 83.56 0.007 
S X N 2 157.21 0.006 
S X K 1 22.96 0.091* 
S X N X K 2 156.63 0.002 
Error b 12 53.61 0.017 
Hybrid (H) 2 1,885.29** 0.198 
H X N 4 128.03 
4c 
0.055 
H X K 2 91.09 0.026 
H X S 2 77.19 0.071* 
H X N X K 4 24.18 0.011 
H X N X S 4 12.59 0.015 
H X K X S 2 26.32 0.002 
H X N X K X S 4 5.80 0.022 
Error c 48 63.72 0.016 
*'**Significant at the 0.05 and 0.01 level of 
significance, respectively. 
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Table 17. Effect of three rates of K on stalk quality of 
P3475 at Berkey Farm in 1986 
K level 
(kg ha'i) 
SS®. 
( g  g "  )  
StStr^ 
(kg) 
SD° 
(cm) 
Sap K . 
( g  ml" l )  
0  8 2 . 0 7  a 4 3 . 2 5  b  2 . 0 9  b  1 . 7 6  b  
2 2 0  7 5 . 9 6  b  4 8 . 0 8  a 2 . 2 1  a 3 . 2 1  a 
3 3 0  7 3 . 4 8  b  4 8 . 3 8  a 2 . 2 2  c 3 . 7 2  a 
L S D o . 0 5  4 . 7 4  3 . 1 0  0 . 0 6  0 . 8 9  
®SS = Soluble Solids. 
^StStr = Stalk Strength. 
®SD = Stalk Diameter. 
(PPl) soluble solids were significantly greater than either 
PP2 or PP3 (Table 18). PP2 and PP3 showed no significant 
difference in terms of their effect on soluble solids. 
The addition of N-Serve lowered the soluble solids of 
P3475 by an average 2.8 g K g"^ sap compared to no N-Serve 
treatment (Table 19). Increasing rates of N with no N-Serve 
treatment caused significantly lower soluble solids in the 
stalk. N2+NS tend to have higher soluble solids compared to 
Nl+NS and N3+NS. No significant difference was observed 
between Nl+NS and N3+NS. 
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Table 18. Effect of plant population on stalk quality of 
P3475 at Berkey Farm in 1986 
Plant Soluble . Stalk Stalk 
Population . Solids Strength Diameter Sap K 
(plants ha~^) (g g~^) (kg) (cm) (g ml"-*-) 
45,000 85.40 a 52.75 a 2.25 a 3.02 a 
60,000 74.44 b 45.51 b 2.16 b 2.89 a 
70,000 71.66 b 41.50 c 2.11 b 2.78 a 
LSDo,o5 3.05 2.48 0.05 0.41 
Table 19. Effect of three rates of N and N-Serve on soluble 
solids (g g" ) of P3475 at Berkey Farm in 1986 
N-Serve 
N level 
(kg ha"i) -NS +NS Mean 
77 81.11 74.00 77 .55 
154 78.85 79.07 78 .96 
231 75.74 74.25 75 .00 
Mean 78.56 75.77 
LSDq. 05 for Nitrogen (N) = 4.74 
LSDo. 05 for N-Serve (S) = 2.07 
LSDq. 05 for N X S = 3.59 
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Hautau (1987) found the same response, wherein soluble 
solids decline with increasing levels of N, K and plant 
population. 
Stalk strength The single factor K and two-way 
interaction of population x nitrogen were significant at 
p<0.05 level, while plant population was significant at p<0.01 
level for stalk strength of P3475 (Table 15). 
The addition of 220 kg K ha~^ increased corn stalk 
strength by 4.83 kg; while the application of 330 kg K ha"^ 
increased stalk strength by 5.13 kg (Table 17). No 
significant difference was observed between K1 and K2. On the 
other hand, the increase in plant population from PPl weakened 
stalks of P3475 by 7.24 kg (Table 18). The increase in 
population from PPl to PP3 decreased stalk strength by 11.25 
kg. Hautau (1987) found the same response with incremental 
increases of K and plant population. 
The significant difference due to N x PP was brought 
about by increasing the rate of N at PPl and PP3. 
Increasing plant population at any N rate weakened the stalk 
of P3475 (Figure 12). 
The stalk strengths of P3377, XC754 and P3358 were found 
to be significantly different at p<0.01 due to N and hybrid 
(Table 16). N1 caused weaker corn stalks (22.18 kg) and was 
significantly different from N2 and N3. No significant 
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Figure 12. Effect of plant population and rates of N on stalk 
strength in 1986 
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difference was found between stalk strength at N2 and at N3 
(Table 20). 
P3358 was found to have stlffer corn stalk (stalk 
strength of 33.81 kg) compared to XC754 and P3377 which had 
mean stalk strengths of 26.21 and 19.35 kg, respectively 
(Table 20). P3475 had a mean stalk strength of 46.95 kg, 
which was relatively greater compared to the other three 
hybrids mentioned above. 
Stalk diameter The single factors K and plant 
population had significant effects (p<0.01) on stalk diameter 
of P3475 (Table 15). 
The significant difference due to K was observed between 
KO and the other K treatments for stalk diameter (Table 17). 
Increasing the K level resulted to a larger stalk diameter. 
The resulting increase in stalk diameter as K increased and a 
decrease, on the other hand, as plant population increased 
seemed to be related to the stalk strength response to K and 
plant population of the hybrid P3475. The over-all mean for 
stalk diameter of P3475 was 2.18 cm. 
Center and Camper (1973) reported that as plant 
population increased, weight per ear, stalk diameter and 
percent erect plants decreased. They added that the stalk 
diameter also showed differences between hybrids but no trend 
was observed among maturity groups. 
Table 20. Effect of three rates of N on stalk strength and rind diameter of 
corn hybrids at Berkey Farm in 1986 
N Rate fka ha"^) N Rate Yka ha"^l 
Hybrid 77 154 231 Mean 77 154 231 Mean 
stalk strength (kg) stalk diameter (cm) 
P3377 14.72 18.86 24.46 19.35 1.93 2.16 2.15 2.08 
XC754 19.16 30.00 29.45 26.21 2.12 2.13 2.12 2.13 
P3358 32.67 35.40 33.38 33.81 1.96 2.02 1.97 1.98 
Mean 22.18 28.08 29.10 2.00 2.10 2.08 
LSDg, 05 for Hybrid (H) 3.78 0.06 
LSDo, 05 for Nitrogen (N) 5.74 0.12 
LSDg, 05 for H X N 4.36 0.07 
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Table 16 shows that the single factor hybrid and a two-
way interaction of H x N were significant at p<0.01 level. 
Two-way interaction of N-Serve x K and H x N-Serve were also 
significant (p<0.05). 
P3358 was generally found to have significantly smaller 
stalk diameter compared to P3377 and XC754 (Table 20). It 
should be noted that earlier in the discussion of the stalk 
strength, P3358 had stronger stalk compared to P3377 and 
XC754. 
The data obtained for the stalk diameters of P3475 and 
P3358 may show that smaller diameters do not necessarily mean 
weaker stalks in corn. 
The effect of the incremental increase in N to individual 
hybrids, for the H x N interaction, was to increase the stalk 
diameter of P3377 but not P3358 nor XC754 (Table 20). 
The effect of the addition of N-Serve on the stalk 
diameter of the individual hybrid was not found to be 
significantly different between P3358 and P3377. stalk 
diameter of XC754 tend to become larger by an average of 0.13 
cm when N-Serve was added (Table 21). 
A significant difference due to K treatment was observed 
on stalk diameter of corn when no N-Serve was applied (Table 
22). K2-NS had larger stalk diameter compared to KO-NS. 
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Table 21. Effect of N-Serve on stalk diameter (cm) of corn 
hybrids at Berkey Farm in 1986 
Hybrid -NS 
N-Serve 
+NS Mean 
P3377 
XC754 
P3358 
Mean 
2.14 
2.11 
1.96 
2.07 
LSDq Qg for Hybrid (H) = 0.06 
LSDo.05 for N-Serve (S) = 0.05 
2 . 0 2  
2.14 
2 . 0 0  
2.05 
2 . 0 8  
2.13 
1.98 
LSDQ QG for H X S = 0.07 
Table 22. Effect of N-Serve and rates of K on stalk diameter 
(cm) at Berkey Farm in 1986 
K fkg ha'l) 
N-Serve 0 220 Mean 
-NS 2.03 2.11 2.07 
+NS 2.07 2.03 2.05 
Mean 2.05 2.07 
LSDQ, 05 for Potassium (K) = 0.10 
LSDQ, 05 for N-Serve (S) = 0.05 
LSDQ, 05 for K X S = 0.08 
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White et al. (1978) found that N-Serve reduced stalk rot 
in some treatments, but did not increase the yield and stalk 
diameter of corn. They suggested that the reduced stalk rot 
with increasing rates of N and at lower N rate with N-Serve 
added may be due to a continuous supply of N throughout the 
growing season. This is contradictory to what Warren et al. 
(1975) found where N-Serve increased yield and stalk diameter, 
as well as reduced kernel infection by Fusarium moniliforme. 
Stalk sap K content A significant effect (at p<0.01 
level) due to K was found on stalk sap K content of P3475 in 
1986 (Table 15). 
The addition of K caused a significant increase in stalk 
sap K content of P3475 (Table 17). KO caused significantly 
lower sap K than K1 or K2. No significant difference was 
observed between K1 and K2 on their effect on stalk sap K 
content. 
In 1987, a significant effect of K at p<0.01 level was 
also found to cause differences in stalk sap K content at 3 
sampling times or growth stages of corn (Table 23). The 
single factor hybrid also significantly affected stalk sap K 
content. A two-way interaction effect of H x K was found to 
be significant at sample 2; while a three-way interaction 
effect of H X N X N-Serve was significant at sample 3. 
At sample 1 and sample 2, K2 caused the highest content 
of stalk sap K (Table 24). At sample 3, both K1 and K2 caused 
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Table 23. Mean square and significance in the analysis of 
variance on sap K content of corn hybrids at Berkey 
Farm in 1987 
Source df SAMPLE1 ' SAMPLE2 SAMPLE3 
Replication 2 179.2 147.7 59.5 
Nitrogen (N) 2 91.9 278.2 82.6 
Potassium (K) 2 5,021.0** 2,103.6** 998.0 
N X K 4 182.5 191.0 229.1 
Error a 16 130.0 113.4 85.3 
N-Serve (S) 1 126.0 71.3 0.1 
S X N 2 6.4 3.5 12.8 
S X K 2 47.3 48.7 1.7 
S X N X K 4 19.4 9.4 31.1 
Error b 18 40.0 38.9 26.8 
Hybrid (H) 4 184.6** 284.5** 69.5* 
H X N 8 39.2 33.0 43.8 
H X K 8 41.6 73.4* 40.5 
H X S 4 12.5 62.6 13.6 
H X N X K 16 25.7 28.3 23.5 
H X N X S 8 15.1 39.0 62.2* 
H X K X S 8 20.4 22.5 39.1 
H X N X K X S 16 25.9 12.9 29.4 
Error c 144 35.7 28.0 21.9 
*'**Significant at 0.01 and 0.05 level of significance, 
respectively. 
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Table 24. Effect of three rates of K on sap K (ng g~^) 
contents of corn hybrids at Berkey farm in 1987 
K level 
(kg ha-l) Sample 1 Sample 2 Sample 3 
0 3.85 c 2.76 C 1.20 b 
220 14.17 b 7.50 b 6.79 a 
330 18.98 a 13.66 a 7.13 a 
^°0.05 3.60 3.36 2.91 
significantly higher stalk sap K content than KO. 
Table 25 shows the differences in mean sap K content of 
five corn hybrids at various sampling. At sample 1, P3475, 
P3377 and P3358 were found to have significantly higher 
amounts of stalk sap K compared to P3377 and XC754. At sample 
2, only P3377 was found to contain significantly higher amount 
of stalk sap K compared to the other four hybrids. At sample 
3, relatively more similarities than differences were observed 
among the hybrids in terms of the sap K content in their 
stalks. P3377, having the highest stalk sap K content at 
sample 3, was significantly different from P3358 and XC754. 
While P3358 was significantly different only from P3377, XC754 
was also significantly different from P3475. XC754 was found 
to have the lowest stalk sap K content of 3.54 ng K g**^ sap. 
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Table 25. Mean sap K (jwg g"^) content of corn hybrids at 
Berkey Farm in 1987 
Hybrid Sample 1 Sample 2 Sample 3 
P3471 8.37 b 6.49 b 5.18 abc 
P3377 12.26 a 11.54 a 6.57 a 
XC754 9.14 b 5.99 b 3.54 c 
P3358 11.55 a 6.44 b 4.44 be 
P3475 12.33 a 7.97 b 5.48 ab 
LSDg.oS 2.27 2.01 1.78 
Figure 13 showed the interaction effect between H and K. 
The significance of this interaction was found to be due to 
the effect of incremental increase in K on the individual 
hybrids. Increasing K fertility increases stalk sap K of the 
individual hybrids. 
stalk lodging 
Several authors have reported that increasing plant 
population resulted to higher seed yield but greater stalk 
lodging. The imbalances of N:K fertility is one of the 
primary factors that contribute to higher stalk lodging at 
increasing plant populations (Tollenaar, 1986; Center and 
Camper, 1973; Stamp, 1986; Huber et al., 1986). 
Figure 13. Effect of hybrid and rates of K on stalk sap K 
content in 1987 
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Table of means for the main effect of N, K, PP, N-Serve 
and H on measured parameters in 1986 and 1987 are presented in 
Tables 28 to 32. K fertility shoved no significant effect on 
stalk lodging in both years (Tables 26 and 27). Because of a 
severe wind storm in 6 July 1986, higher rate of stalk lodging 
occurred than in 1987. Stalk lodging was found to be highly 
significant for plant population and hybrid in both years. 
The main factors of N and N-Serve; two-way interactions of H x 
N-Serve and H x PP; and 3-way interaction of H x N x PP showed 
significant effects in 1986. 
Lower rate of N (Nl) in 1986 contributed to a higher rate 
of stalk lodging compared to N2 and N3. No significant 
differences were observed between N2 and N3 in terms of their 
effect on stalk lodging (Table 28a) 
Hybrids P3471 and P3475 in 1986 were found to have 
significantly lower stalk lodging rate compared to the others 
(Table 32a). P3475 was observed to have strongest stalk at 
46.59 kg and could partly account for the low rate of stalk 
lodging. P3358 was the next hybrid to have a lower rate of 
stalk lodging. P3377 which had the least stalk strength at 
19.31 kg was shown to have high rate of stalk lodging 
(42.87%). XC754 was found to have the highest rate of stalk 
lodging at 46.45% (Table 32a). 
Stalk lodging rates of P3471, XC754 and P3358 were not 
shown to be significantly different from each other in 1987 
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Table 26. Mean square and significance in the analysis of 
variance on variables measured at Berkey Farm in 
1986 
Source df SMOIST a YIELD SPROT* SLODG' 
Replication 2 5.21 13.97 6,366.1 818.9 
Nitrogen (N) 2 
* 
38.34 143.26** 6,842.2** 12,326.1* 
Potassium (K) 2 5.62 13.31 204.1 404.8 
N X K 4 5.78 3.58 241.1 1,371.2 
Error a 16 5.10 10.45 435.5 626.0 
Population (P) 2 "êt 'it 24.02 276.39** 907.1** 73,466.1* 
P X N 4 0.95 4.32 376.8 1,000.7 
P X K 4 1.51 3.62 61.0 235.3 
P X N X K 8 1.63 3.32 36.4 1,054.2 
Error b 36 3.64 8.34 78.3 608.5 
N-Serve (S) 1 12.51** 
it 
24.23 528.3** 1,548.6* 
S X N 2 2.56 2.45 858.3** 1,096.8 
,S X K 2 2.27 1.67 31.2 580.6 
S X P 2 0.30 0.27 38.1 123.4 
S X N X K 4 1.98 4.11 27.7 136.5 
S X N X P 4 0.74 2.20 73.5 128.3 
S X K X P 4 1.10 0.68 32.4 909.8 
** 
®SMOIST = Seed Moisture. 
^SPROT = Seed Protein. 
^SLODG = Stalk Lodging. 
*'**Significant at 0.05 and 0.01 level of significance, 
respectively. 
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Table 26. (Continued) 
Source df SMOIST YIELD SPROT SLODG 
S X N X K X P 8 0.51 2.16 9.6 450.2 
Error c 54 1.13 2.41 53.7 373.8 
Hybrid (H) 4 298.95** 5.39** 6,033.9** 120,802.6 
H X S 4 0.91 11.24** 15.2 1,026.8** 
H X P 8 4.38** 4.70** 51.8* 2,429.8** 
H X N 8 3.16** 8.49** 120.7** 181.9 
H X K 8 2.06 2.47 27.3 163.7 
H X N X K 16 1.16 1.66 17.7 202.5 
H X N X P 16 1.03 1.64 15.7 326.9* 
H X N X S 8 0.73 3.20 98.7** 86.3 
H X K X P 16 1.34 2.67 16.7 126.5 
H X K X S 8 0.67 1.65 49.9 67.5 
H X S X P 8 0.85 9.92** 36.1 60.0 
H X N X K X p 32 1.07 2.44 18.9 189.4 
H X N X K X s 16 1.30 3.04 11.8 194.2 
H X S X K X p 16 0.70 2.59 18.3 64.4 
H X N X K X s X P 48 1.01 1.50 13.8 92.8 
Error d 432 1.16 2.31 22.4 165.1 
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Table 27. Mean square and significance in the analysis of 
variance on variables measured at Berkey Farm in 
1987 
Source df SMOIST® YIÉLD SPROT^ SLODG® 
Replication 2 119.96 7.37 544.32 32.19 
Nitrogen (N) 2 , 9.08 43.55** 1,067.01** 12.71 
Potassium (K) 2 23.45* 26.44** 5.62 31.48 
N X K 4. 2.32 1.24 35.58 13.37 
Error a 16 4.92 2.33 45.39 19.63 
Population (P) 1 0.93 61.27** 5.78 158.11 
P X N 2 1.49 4.65* 13.69 19.02 
P X K 2 1.20 0.36 21.85 3.22 
P X N X K 4 2.20 1.32 19.25 6.41 
Error b 18 1.30 1.29 19.48 8.79 
N-Serve (S) 1 12.75** 1.24 81.12 0.74 
S X N 2 1.69 0.20 0.77 5.05 
S X K 2 0.32 2.42 8.77 0.59 
S X P 1 4.98 0.30 4.42 2.27 
S X N X K 4 2.48 1.07 74.79 2.16 
S X N X P 2 4.21 1.06 19.65 1.18 
®SMOIST = Seed Moisture. 
^SPROT = Seed Protein. 
^SLODG = Stalk Lodging. 
*'**Significant at 0.05 and 0.01 level of significance, 
respectively. 
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Table 27. (Continued) 
Source df SMOIST YIELD SPROT SLODG 
S X K X P 2 0.95 0.04 2.14 0.50 
S X N X K X P 4 0.92 0.23 29.54 2.15 
Error c 36 1.37 1.15 32.43 23.13 
Hybrid (H) 4 105.56** 115.48** 1,562.07** 70.76 
H X S 4 2.99 11.35** 38.29 3.77 
H X P 4 0.61 4.99** 14.43 0.73 
H X N 8 1.40 0.79 27.00 1.70 
H X K 8 3.73* 1.45 19.48 2.49 
H X N X K 16 1.53 0.64 22.12 2.53 
H X N X P 8 2.47 0.85 3.34 3.83 
H X N X S 8 0.65 0.22 20.45 1.03 
H X K X P 8 1.69 0.61 20.63 3.60 
H X K X S 8 2.17 0.91 13.46 3.32 
H X S X P 4 0.87 1.06 9.21 2.11 
H X N X K X P 16 1.87 1.09 10.88 2.11 
H X N X K X S 16 1.30 0.79 15.67 2.09 
H X S X K X P 8 0.84 0.32 25.24 2.19 
H X N X K X 
X P 
S 
24 1.31 0.82 21.78 2.68 
Error d 288 1.71 1.02 19.55 2.92 
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Table 28a. Effect of rates of N on the parameters measured at 
Berkey Farm in 1986 
Seed Grain Seed Stalk 
N level Moisture Yield ii' Protein Lodging 
(kg ha"i) (%) (Mg ha~^) (g kg"^) (%) 
77 20.05 b 8.22 b 87.38 b 38.22 a 
154 20.35 b 9.41 a 95.33 a 25.02 b 
231 20.78 a 9.52 a 96.71 a 29.13 b 
LSDo.os 0.41 0.59 3.81 4.56 
Table 28b. Effect of rates of N on the parameters measured at 
Berkey Farm in 1987 
Seed Grain Seed Stalk 
N level Moisture Yield Protein Lodging 
(kg ha"i) (%) (Mg ha"^) (g kg~^) (%) 
116 14.56 a 8.73 b 85.13 C 2.15 a 
154 14.57 a 9.57 a 88.18 b 1.62 a 
231 14.95 a 9.61 a 89.95 a 1.90 a 
LSDo.O5 0.49 0.34 1.51 0.98 
101 
Table 29a. Effect of rates of K on the parameters measured at 
Berkey Farm in 1986 
Seed Grain Seed Stalk 
K level Moisture Yield . Protein Lodging 
(kg ha"i) (%) (Mg ha"^) (g kg"^) (%) 
0 20.52 a 9.26 a 93.61 a 30.11 a 
220 20.23 a 9.09 a 92.14 a 30.05 a 
33p 20.42 a 8.81 a 93.67 a 32.20 a 
LSDo.05 0.41 0.58 3.81 4.65 
Table 29b. Effect of rates of K on the parameters measured at 
Berkey Farm in 1987 
Seed Grain Seed Stalk 
K level Moisture Yield Protein Lodging 
(kg ha"i) (%) (Mg ha"^) (g kg~^) (%) 
0 14.29 b 8.87 b 87.95 a 1.35 a 
220 14.82 a 9.43 a 87.63 a 1.90 a 
330 14.98 a 9.60 a 87.66 a 1.47 a 
LSDQ Qg 0.49 0.43 1.51 0.98 
102 
Table 30a. Effect of plant population on the parameters 
measured at Berkey Farm in 1986 
Plant Seed Grain Seed Stalk 
Population_ Moisture Yield Protein Lodging 
(plants ha" ) (%) (Mg ha~^) (g kg"^) (%) 
45,000 20.69 a 7.93 C 95.22 a 14.07 C 
60,000 20.10 b 9.36 b 92.45 C 31.24 b 
70,000 20.36 b 9.89 a 91.75 b 47.06 a 
LSDo.O5 0.33 0.50 1.54 4.31 
Table 30b. Effect of plant population on the parameters 
measured at Berkey Farm in 1987 
Plant Seed Grain Seed Stalk 
Population^ Moisture Yield Protein Lodging 
(plants ha" ) (%) (Mg ha""^) (g kg~^) (%) 
65,000 14.74 a 9.64 a 87.65 a 1.35 b 
80,000 14.65 a 8.97 b 87.75 a 2.43 a 
LSDo.O5 0.20 0.20 0.81 0.53 
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Table 31a. Effect of N-Serve on the parameters measured at 
Berkey Farm in 1986 
Seed Grain . Seed . Stalk 
Moisture Yield Protein Lodging 
N-Serve (%) (Mg ha"^) (g kg"^) (%) 
-NS 20.51 a 9.23 a 92.33 b 29.41 b 
+NS 20.27 b 8.89 b 93.95 a 32.17 a 
LSDo.O5 0.15 0.22 1.03 2.72 
Table 31b. Effect of N-Serve on the parameters measured at 
Berkey Farm in 1987 
Seed Grain Seed Stalk 
Moisture Yield_ Protein Lodgi: 
N-Serve (%) (Mg ha~^) (g kg~^) (%) 
-NS 14.54 b 9.35 a 88.14 a 1.86 a 
+NS 14.85 a 9.25 a 87.36 a 1.93 a 
LSDo.O5 0.20 0.18 0.99 0.39 
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Table 32a. Effect of hybrid on the parameters measured at 
Berkey Farm in 1986 
Seed Grain Seed Stalk 
Moisture Yield Protein Lodging 
Hybrid (%) (Mg ha~^) (g kg~^) (%) 
P3471 19.04 d 8.29 b 101.99 a 17.10 d 
P3377 20.33 c 9.99 a 86.13 e 42.87 b 
XC754 21.28 b 8.40 c 96.16 b 46.54 a 
P3358 22.17 a 9.04 b 90.17 d 29.38 c 
P3475 19.13 d 8.96 b 91.25 c 18.06 d 
LSDo.os 0.23 0.33 1.03 2.81 
Table 32b. Effect of hybrid on the parameters measured at 
Berkey Farm in 1987 
Seed Grain Seed Stalk 
Moisture Yield_ Protein Lodging 
Hybrid (%) (Mg ha~ ) (g kg"^) (%) 
P3471 13.70 d 8.96 b 89.09 b 1.22 c 
P3377 14.40 c 9.13 b 81.79 d 3.15 a 
XC754 15.33 b 11.11 a 92.20 a 1.37 c 
P3358 16.07 a 8.69 c 88.39 be 1.47 c 
P3475 13.96 d 8.61 c 87.27 c 2.26 b 
LSDo,o5 0.27 0.27 1.18 0.45 
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(Table 32b). 
As mentioned earlier, increasing plant population could 
increase the rate of stalk lodging. The data obtained here 
show that same trend (Tables 30a and 30b, Figure 14). 
Dorich et al. (1987) studied 14 corn hybrids and assessed 
the stalk rot severity with rates of N ranging from 66 to 396 
kg N ha~^, and also compared the response to no N-Serve and 
with N-Serve incorporated at the rate of 0.56 kg a.i. ha"^. 
They found that as the rate of N increased, stalk rot in 
stalks of inoculated-high response hybrid decreased by 20 to 
50%. 
Data showed that the addition of N-Serve significantly 
increased stalk lodging in 1986 but not in 1987 (Tables 31a-
31b, and Figure 15). 
Seed protein 
The single factors N and H significantly affected seed 
protein in both years (Tables 26 and 27). Plant population, 
N - S e r v e ,  t w o - w a y  i n t e r a c t i o n s  o f  N - S e r v e  x N ,  N x P ,  H x P ,  
and H X N, and three-way interaction of H x N x N-Serve also 
showed significant effects on seed protein in 1986. 
Increasing N fertility, increases grain N (Hanson et al., 
1986; Dorich et al., 1987; Warren et al., 1981, Hale and 
Sprenkel, 1983; Jones, 1970). The data obtained in this 
experiment showed significantly lower seed protein at lower N 
rate (Tables 28 and 33 and Figure 16). 
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Figure 15. Effect of hybrid and N-Serve on stalk lodging rate 
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The effect of N-Serve incorporation revealed some 
contradicting results obtained by several authors. Touchton 
et al. (1979a) reported a decrease in grain N when N-Serve was 
added with some of the N rates they used. Other authors 
reported that N-Serve incorporation with fertilizer not only 
increased grain yield but also grain N (Hanson et al., 1986; 
Dorich et al., 1987; Warren et al., 1981; Hale and Sprenkel, 
1983; Andrade, 1983; Jellum et al., 1973). 
Significant differences in seed protein was observed when 
N-Serve was incorporated at N1 and N3 (Table 33). An increase 
in seed protein by 5.78 g N kg~^ DW was found when N-Serve was 
added at Nl. The addition of N-Serve decreased seed protein 
by 1.99 g N kg"l DW at N3. 
Figures 16 and 17 show the relative response of corn 
hybrids to rates of N and plant population. 
P3471 was found to have significantly higher seed protein 
content over the other hybrids at all levels of N in 1986; 
while XC754 exhibited that response in 1987 (Figure 16). In 
both years, P3377 contained the lowest seed protein at all 
levels of N. 
In 1986, P3471 showed the highest seed protein at three 
plant populations, while P3377 had the lowest seed protein 
content (Figure 17). For all hybrids, seed protein content 
generally decreased when plant population increased. 
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Table 33. Effect of three rates of N and N-Serve on seed 
protein (g kg~^) 
N Level 
(kg ha"^) -NS 
N-Serve 
+NS Mean 
77 
154 
231 
Mean 
116 
154 
231 
Mean 
84.17 
94.48 
97.70 
92.33 
85.50 
88.64 
90.28 
88.14 
1986 • 
89.95 
96.19 
95.71 
93.95 
1987 -
84.76 
87.72 
89.61 
87.36 
87.38 
95.33 
96.71 
85.13 
88.18 
89.95 
LSDq Q5 for Nitrogen (N) in 1986 =3.80; in 1987 = 1.50 
LSDq Q5 for N-Serve (S) in 1986 = 1.00; in 1987 = 0.99 
LSDo^05 N X S in 1986 = 1.79; in 1987 = 1.71 
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Seed moisture 
The single factors N, P, N-Serve, H, and two-way 
interactions of H x P and H x N were significant (p<0.01) in 
1986 (Table 26). On the other hand, the single factors K 
(p<0.05), N-Serve, H, and two-way interaction of H x K 
(p<0.01) in 1987 showed significant effects on seed moisture 
(Table 27). 
The significant difference due to N in 1986 was brought 
about by higher seed moisture content observed at N3, compared 
to other rates of N (Table 28a). No significant difference 
was observed between N1 and N2. 
P3358 had the highest seed moisture content among the 5 
hybrids in both years (Table 32). On the other hand, P3471 
and P3475 had the least seed moisture content. 
Figure 18 shows the response of five corn hybrids at 
three rates of N in both years. It was observed that seed 
moisture contents of 5 corn hybrids were higher in 1986 than 
in 1987. This observation may have been affected by the 
difference in the interval between physiological maturity and 
time of harvest on climatological factors. Data presented in 
the Appendix show that there were less precipitation during 
the months of September and October in 1987 compared to 1986. 
P3471 showed no significant response to increasing rates of N 
while the rest of the hybrids showed significant increases 
either at N2 or N3 or at both rates. 
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A significantly lower seed moisture content was observed 
when plant population was increased from 45,000 to 60,000 
plants ha""^ (Table 30a), However, no significant difference 
in seed moisture was observed between PPl and PP3 and between 
PP2 and PP3. 
Figure 19 shows the interaction effect of hybrid and 
plant population on seed moisture content in 1986 and 1987. 
It was observed that seed moisture content was significantly 
lower when plant population was increased from PPl to PP2 or 
PP3 with hybrids P3471, XC754 and P3358. No significant 
difference was observed, however, between PP2 and PP3. The 
hybrid P3358 had the highest seed moisture content at all 
levels of plant population; while P3471 and P3475 had the 
lowest seed moisture content readings among 5 hybrids at three 
levels of plant populations. 
Addition of N-Serve caused a significantly lower seed 
moisture content in 1986, but an opposite response was 
observed in 1987 (Table 31). 
The effect of K fertilization in 1987 was to increase the 
seed moisture content (Table 29b). An increased level of K in 
the soil did not show any significant effect on seed moisture 
content of P3471, P3475 and XC754 in 1987 (Figure 20). The 
addition of K resulted in a significantly higher seed moisture 
in hybrids P3377 and P3358, although relatively no significant 
increase was observed from 220 to 330 kg K ha"*^ (K1 and K2, 
115 
LJ 
et: 
i 
a 
LJ 
(/) 
LSDQ 05 - 0.41 " 451 plonts ho \ 
• 601 plants ho"] 
• 701 Diants ho"? 
17" 
1 6 -
15-
14" 
1 3 . .  
0 
" 651 plants ha""J 
« 801 plants ha"' 
LSDo,O5 " 0*49 
1987 
P3471 P3377 XC754 P3358 P3475 
HYBRID 
Figure 19. Effect of hybrid and plant population on seed 
moisture content at harvest 
116 
&17.. 
u 
CL 16--
3 h— 
(g 15--
O 
2 1 4 . .  
O 
LU 
LU 13" i f )  (  
-1 220 kg ha-' 
330 kg ho-1 
^^ 0.05 " 0.60 
P3471 P3377 XC754 P3358 P3475 
HYBRID 
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respectively). 
Grain yield 
In both years, the single factors N, P, H, and two-way 
interactions of H x N-Serve and H x P showed significant 
effects at p<0.01. other test factors that showed significant 
difference in 1986 were N-Serve (p<0.05), H x N (p<0.01), and 
three-way interaction of H x P x N-Serve. In 1987 the single 
factor K (p<0.01), and two-way interaction of P x N (p<0.05) 
showed significant effect on seed yield. 
Grain yield of corn increases with increasing rates of N 
(Dow Chem. Co., 1986; Welch et al., 1971; Touchton et al., 
1979 a,b; Dorich et al., 1987; Hanson et al., 1986; Warren et 
al., 1981). The data obtained from this experiment showed 
that grain yield of corn at N1 was significantly lower than 
the yield at N2 or N3 (Table 28). The yield at N2 and N3 were 
not significantly different in both years. 
P3377 was found to have the highest grain yield at 9.99 
Mg ha"^ while XC754 was found to have the lowest grain yield 
at 8.40 Mg ha""^ in 1986 (Table 32a). No significant grain 
yield difference was observed between P3471, P3475 and P3358 
in that year. 
In 1987, XC754 however, was the highest yielder at 11.11 
Mg ha"^ (Table 32b). A considerable increase in grain yield 
was obtained from that of 1986. P3377 yielded almost the same 
as in 1987 with 9.13 Mg ha~^. 
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It is also shown in Figure 21 that in 1986 at all three 
levels of N, P3377 gave the highest grain yield, while XC754 
yielded the lowest. In addition, for all five hybrids, a 
considerable increase in seed yield was observed when N level 
was increased from N1 to N2. No further significant increase 
was obtained when N level was raised to N3. The same was true 
for 1987. 
In 1986, an increase in plant population resulted in 
increased grain yield, it was the opposite in 1987 (Tables 30 
and 34). Figure 22, however, shows that the significant 
increase in grain yield for all hybrids in 1986 was when 
population was raised from PPl to PP2. No increases was 
observed when plant population was further increased to PP3 
with hybrids P3377, XC754 and P3475. In 1987, significant 
decrease in grain yield was observed with 3 hybrids (P3377, 
P3358, and P3475) when population was increased from 65,000 to 
80,000 plants ha~^. Increasing N rate at each plant 
population level showed significant differences between yield 
at N1 and at the other N rates. No significant grain yield 
difference was observed between N2 and N3 at each plant 
population (Table 34). 
Hanson et al. (1986) reported that corn grain yield, leaf 
N and grain protein were significantly increased when N-Serve 
was incorporated with Urea Ammonium Nitrate (UAN) and 
Anhydrous Ammonia (AA). Other authors reported that 
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Figure 21. Effect of hybrid and rates of N on grain yield 
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Figure 22. Effect of hybrid and plant population on grain 
yield 
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Table 34. Effect of three rates of N and plant population on 
grain yield (Mg ha~ ) 
Plant Population (plants ha~^) 
N level 
(kg ha"-*-) 45,000 60,000 70,000 Mean 
1986 
77 7.05 8.63 8.98 8.22 
154 8.17 9.61 10.53 9.41 
231 8.58 9.85 10.16 9.52 
Mean 7.93 9.36 9.89 
Plant Population (plants ha~^) 
65,000 80,000 Mean 
1987 
116 9.25 8.22 8.73 
154 9.85 9.28 9.57 
231 9.81 9.40 9.61 
Mean 9.64 8.97 
LSDo 05 foz" Nitrogen (N) in 1986 = 0.59; in 1987 = 0.34 
LSDq 05 Population (P) in 1986 = 0.50; in 1987 = 0.20 
LSDo.05 N X P in 1986 = 0.87; in 1987 = 0.36 
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incorporation of 0.56 kg a.i N-Serve ha"^ with AA also 
increased grain yield and grain protein of corn (Warren et 
al., 1981; Dorich et al., 1987). 
A field study was conducted by Blackmer and Sanchez 
(1988) using ^^N-labelled anhydrous ammonia at 112 and 224 kg 
N ha"^ with and without N-Serve at 2 sites in Iowa. Results 
of their study showed that nitrapyrin sometimes increased the 
N content of tissues to above critical levels without 
increasing yields to plateau levels especially when fertilizer 
N was applied in excess of plant needs. They suggested that 
the negative adverse effects of nitrapyrin may have been due 
to increased susceptibility of plants to moisture stress or 
induced ammonia toxicity. 
From the data obtained in this experiment, N-Serve 
incorporation with (^#4)280^ in 1986 decreased grain yield by 
0.34 Mg ha~^ (Table 31a). But the addition of N-Serve with 
UAN in 1987 showed no significant grain yield difference from 
the no N-Serve treatment (Table 31b). The decrease in grain 
yield in 1986 due to addition of N-Serve may be attributed to 
N-Serve keeping the (NH4)2Sp^ fertilizer to NH^"*" form for a 
longer duration that the bacteria in the soil were not able to 
nitrify it soon enough thus resulting in less of the soluable 
nitrate form of N. 
The response of individual hybrids to N-Serve are 
presented in Figure 23. Grain yield of P3471, P3475 and XC754 
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Figure 23. Effect of hybrid and N-Serve on grain yield 
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decreased when N-Serve was added in 1986. No significant 
grain yield difference was observed for P3358 and P3377 in the 
presence or absence of N-Serve. P3471 in 1987 also showed a 
decrease in grain yield when N-Serve was added. However, 
grain yield of P3377 significantly increased by 0.94 Mg ha""^ 
when N-Serve was added. No significant grain yield difference 
was observed for XC754, P3358 and P3475 due to N-Serve. 
Soil analysis 
No significant effect by the factors studied was observed 
on soil NH^-N and NOg-N in 1986 (Table 35). The effect of the 
presence or absence of N-Serve did not show any significant 
effect. The amount of NH^-N did not decrease with time. 
However, table of means was constructed to show the trend 
(Table 36). 
On the other hand, the single factors treatment and time 
of sampling and their interaction showed significant effects 
in 1987 (Table 35). A significantly high NH^-N concentration 
was observed at 2 WAT. The addition of N-Serve kept the NH^^ 
form relatively long, even until 9 WAT (Table 37). The amount 
of NO3-N between no N-Serve and with N-Serve treatment at 2 
WAT was considerably high with a mean difference of 18.69 jug 
NO3-N g~^ soil (Table 37). After 4 and 9 WAT, no significant 
difference was observed between no and with N-Serve treatment. 
In contrast to 1986 most of the NH^-N was nitrified between 2 
WAT and 9 WAT in 1987. 
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It was observed that the soil N in 1986 was low compared 
to that in 1987 and the was not nitrified with time. 
This might be part of the reason, aside from the weather, on 
why the grain yield in 1986 was lower than in 1987. 
Table 35. Mean square and significance in the analysis of 
variance on soil nitrogen at Berkey Farm 
Source df AM86* NIT86^ AM87 NIT87 
Replication 2 47.5 59.7 248.5 117.3 
Time (T) 2 7.0 78.9 
yu yk 
32,128.9 1,465.8** 
Error a 4 113.3 54.8 313.0 13.5 
Treatment (Tr) 1 142.1 116.8 5,640.5** 210.4* 
T X Tr 2 208.4 73.3 1,248.3* 161.8* 
Error b 6 63.6 33.5 115.4 8.65 
®AM = NH^-N (ixg g"^) . 
^NIT = NO3-N (Mg g"^). 
*,**Significant at 0.05 and 0.01 level of significance, 
respectively. 
Table 36. Effect of time of soil sampling and treatments on soil N at Berkey 
Farm in 1986 
Treatments 
Time of 
Sampling^ 
2 WAT 
4 WAT 
6 WAT 
Mean 
-NS" +NS' Mean 
I-SDq 05 for Time (T) 
LSDQ 05 for Treatment (Tr) 
IjSDq 05 for T X Tr 
NH4-N (fig 9-I) 
31.52 44.86 
30.42 41.89 
41.77 33.83 
34.57 40.19 
17.06 
9.20 
15.94 
38.19 
36.15 
37.80 
-NS +NS Mean 
NO3-N (Mg g"^) 
11.27 9.68 10.47 
7.56 5.02 6.29 
20.59 6.44 13.52 
13.14 7.05 
11.87 
6.67 
11.57 
CO 
a\ 
WAT = Weeks After Treatment Application. 
^-NS = No N-Serve. 
*^+NS = With N-Serve. 
Table 37. Effect of time of soil sampling and treatments on soil N at Berkey 
Farm in 1987 
Treatments 
Time of 
Sampling^ -NS +NS^ Mean -NS +NS Mean 
NH4-N (Mg g"^) NO3-N (/ig g'^) 
2 WAT 116.20 181.79 148.99 25.60 44.29 34.94 
4 WAT 33.20 65.75 49.98 24.43 23.74 24.09 
9 WAT 2.25 10.34 6.30 2.87 5.39 4.13 
Mean 50.55 85.96 17.63 24.47 
LSDg.OS for Time (T) 28.36 5.90 
LSDo.05 for Treatment (Tr) 12.39 3.39 
LSDo.05 for T X Tr 21.47 5.88 
^WAT 
b-NS 
^+NS 
= Weeks After Treatment Application. 
= No N-Serve. 
= With N-Serve. 
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Experiment III-A 
The response of three Pioneer corn hybrids were evaluated 
at six rates of N applied either as pre-plant or SP-NS and 
SP+NS. Urea was the source of N for pre-plant and for the 
first 50% of split fertilizer application treatments; while 
UAN solution was the source for the second 50% applied using 
the PIPA. Except for 88 and 275 kg N ha~^ rates, the rest of 
the N rates were applied in split treatments. 
Corn was planted at the rate of 70,000 and 80,000 plants 
ha"^. The experimental site was located at ISUAAERC-Bruner 
Farm, Boone County, Iowa. 
ANOVA for leaf N is presented in Table 38. A separate 
ANOVA on the other variables measured at Bruner farm is 
presented in Tables 39 and 42 for the pre-plant fertilizer 
application treatment only. ANOVA for soil N analysis is 
presented in Table 44. 
Leaf nitrogen 
The single factors timing of fertilizer application and 
hybrid were found to be significant as shown in the ANOVA 
table. The 3 hybrids used in this experiment differed in 
their leaf N concentrations (Table 40). P3471 had the highest 
leaf N concentration, while XC754 was found to have the least 
leaf N concentration of the three hybrids used. 
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Table 38. Analysis of variance for leaf N concentration of 
corn hybrids with the four N levels applied in 
split or pre-plant fertilizer application at Bruner 
Farm in 1987 
Source df MS F 
Replication 2 1.41 
Time (T) 2 11.99 5.23 
Level (L) 3 2.36 1.03 
T X L 6 1.41 0.62 
Error a 22 2.29 
Hybrid (H) 2 174.39 104.42 
H X T 4 3.25 1.94 
H X L 6 2.17 1.30 
H X T X L 12 2.17 1.30 
Error b 48 1.67 
*'**Significant at 0.05 and 0.01 level of significance, 
respectively, in this table and subsequent tables. 
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Table 39. Mean squares and significance in the analysis of 
variance for variables measured at four N levels 
applied in split and as pre-plant fertilizer at 
Bruner Farm in 1987 
SEED SEED GRAIN 
Source df PROTEIN MOISTURE YIELD 
Replication 2 5.88 4.82 0.33 
Population (P) 1 0.31 0.17 0.28 
Error a 2 17.32 0.13 1.80 
Time (T) 2 5.77 2.81 0.82 
Level (L) 3 8.99 1.95 1.11 
T X L 6 20.26 1.23 1.39 
P X T 2 40.33 0.51 5.96* 
P X L 3 19.88 1.73 0.28 
P X T X L 6 12.99 1.68 0.87 
Error b 44 30.61 1.30 1.37 
Hybrid (H) 2 3,150.13** 84.37** 64.89** 
H X P 2 10.54 2.06 0.27 
H X T 4 18.62 4.61* 1.80 
H X L 6 20.35 2.33 1.47 
H X T X P 4 32.61 1.76 1.05 
H X L X P 6 10.86 3.42 1.31 
H X L X T 12 19.92 2.55 1.96 
H X L X T X P 12 8.96 1.92 1.32 
Error c 96 19.45 1.61 1.55 
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Table 40. Effect of hybrid on the parameters measured with 
four N levels applied in split and pre-plant at 
Bruner Farm in 1987 
Leaf Seed Seed Grain 
Nitrogen Protein Moisture Yield 
Hybrid (g kg (g kg"^) (%) (Mg ha~^) 
P3471 28.34 a 89.92 b 13.81 b 11.46 b 
P3377 25.63 b 81.62 c 13.73 b 10.17 c 
XC754 23.96 c 94.71 a 15.64 a 12.03 a 
^®°0.05 0.61 1.45 0.42 0.41 
Figure 24 shows that pre-plant fertilizer application was 
found to produce the least leaf N concentration with 25.73 g N 
kg~^ DW. No significant difference was observed between SP-NS 
and SP+NS where leaf N concentrations were 26.88 and 26.22 g N 
kg~^ DW, respectively. 
Seed protein 
Only the single factor hybrid significantly affected 
seed protein content (Table 39). XC754 was found to have the 
highest seed protein content, followed by P3471 then P3377 
(Table 40). The trend was similar to the 1987 seed protein 
data of these hybrids in Experiment II (Table 32b). 
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Figure 24. Effect of hybrid and time of fertilizer 
application on leaf N concentration and seed 
moisture content 
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Seed moisture 
The effects of single factor hybrid (p<0.01) and the 
interaction of hybrid x time of fertilizer application 
(p<0.05) were found to be significant, as shown in the ANOVA 
table (Table 39). XC754 was found to have higher seed 
moisture content than P3471 and P3377 (Table 40). 
Figure 24 shows that the addition of N-Serve at split 
fertilizer application produced lower seed moisture content of 
P3377 and XC754. Split fertilizer application without N-
Serve, on the other hand, showed higher seed moisture content, 
compared to both pre-plant and SP+NS treatments of P3377 and 
XC754. The difference between pre-plant and SP-NS, however, 
was not statistically significant. 
Pre-plant and SP+NS treatments showed no significant 
difference in their seed moisture content of P3471 (Figure 
24). SP-NS treatment resulted in lower seed moisture content 
of P3471 compared to pre-plant and SP+NS treatments. 
Grain yield 
The single factor hybrid (p<0.01) and the interaction of 
plant population x time of fertilizer application (p<0.05) 
significantly affected grain yield. The highest grain yield 
was obtained with XC754, while P3377 had the least grain yield 
among the three hybrids used in this experiment (Tables 40). 
A significantly lower grain yield was observed when N-
Serve was added with split applied fertilizer at 80,000 plants 
134 
ha"^ (Table 41). At this treatment combination grain yield 
decreased by 0.69 Mg ha~^ between PPl and PP2. No significant 
grain yield difference was observed as due to pre-plant or SP-
NS treatments applied at the two plant populations. In 
addition, grain yield was higher at SP+NS than at SP-NS when 
population was 70,000 plants ha~^. 
It should be noted that the site has been under a corn-
soybean rotation, which may have contributed to a higher level 
of soil N in the area. Therefore, N treatment at four levels 
did not show any significant effect on any of the parameters 
measured, especially the grain yield. 
Table 4 1 .  Effects of time of fertilizer application and plant 
population on grain yield (Mg ha ) of corn 
Plant 
Population_ Time of Fertilizer Application 
(plants ha" ) Pre-Plant SP-NS SP+NS Mean 
7 0 , 0 0 0  1 1 . 3 3  1 0 . 9 0  1 1 . 5 4  1 1 . 1 8  
8 0 , 0 0 0  1 1 . 3 5  1 1 . 3 5  1 0 . 8 5  1 1 . 2 6  
Mean 1 1 . 3 4  1 1 . 1 3  1 1 . 1 9  
LSDq Q5 for Population (P) = 0 . 7 8  
LSDq Q5 for Time = 0 . 3 9  
LSDQ Q5 for P X  T = 0 . 5 4  
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Pre-plant treatment data analysis 
The single factor hybrid was significant (p<0.01), as 
shown in the ANOVA table for seed protein, seed moisture, and 
grain yield (Table 42). Plant population also significantly 
affected seed moisture content of corn. 
Table 42. Mean square and significance in the analysis of 
variance for variables measured at Bruner Farm in 
1987 where six N levels were applied as pre-plant 
SEED SEED GRAIN 
Source df PROTEIN MOISTURE YIELD 
Replication 2 18.53 3.51 2.61 
Population (P) 1 0.79 3.29** 0.77 
Error a 2 84.15 0.06 7.35 
Treatment (Tr) 5 41.93 0.92 1.87 
P X Tr 5 24.73 2.78 1.46 
Error b 20 28.95 1.55 2.18 
Hybrid (H) 2 1,470.78** 35.64** 28.03** 
H X P 2 2.92 0.91 0.92 
H X Tr 10 4.54 3.02 3.27 
H X P X Tr 10 2.14 2.56 2.38 
Error a 48 28.63 1.92 1.84 
Significant at 0.05 and 0.01 level of significance, 
respectively. 
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The significant difference on seed moisture content due 
to plant population was contributed by higher seed moisture 
content at PP2 than PPl (16.60 and 14.25%, respectively). LSD 
at 5% is 0.21%. 
XC754 was found to have higher seed protein, seed 
moisture content, and grain yield compared to P3471 and/or 
P3377 (Table 43). P3377 was observed as having the least seed 
protein and grain yield. This trend is similar on the data in 
Table 40. Seed moisture content of P3471 and P3377 were not 
significantly different. 
Soil analysis 
The time of sampling and treatments significantly 
affected the NH^-N content of the soil at Bruner Farm in 1987 
(Table 44). Time of sampling showed a significant effect on 
soil NOg-N content. 
A considerable decrease in NH^-N content was observed 
between each of the three sampling periods (Table 45). 
Addition of N-Serve resulted to a higher NH^-N content. This 
gave a difference of 18.36 jug NH^-N g~^ soil. 
Nitrate N content significantly decreased 9 weeks after 
application of treatment. 
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Table 43. Effect of hybrid on the variables measured at 
Bruner Farm in 1987 using the six N levels applied 
as pre-plant 
Hybrid 
Seed 
Protein (g kg-i) 
Seed 
Moisture 
(%) 
Grain 
Yield , 
(Mg ha-i) 
P3471 
P3377 
XC754 
LSD 0.05 
88.84 b 
81.41 C 
94.13 a 
2.53 
14.01 b 
13.71 b 
15.56 a 
0 . 6 6  
11.38 b 
10.34 c 
12.09 a 
0.64 
Table 44. Mean square and significance in the ANOVA on soil N 
concentration at Bruner Farm in 1987 
Source df NH4-N NO3-N 
Replication 2 83.99 37.09 
Time (T) 2 4t "it 10,958.20 482.30* 
Error a 4 113.85 44.54 
Treatment (Tr) 1 1,516.78* 5.60 
T X Tr 2 299.07 35.49 
Error b 6 237.99 54.71 
*'**Significant at 0.05 and 0.01 level of significance, 
respectively. 
Table 45. Effect of time of soil sampling and treatments on soil N at Bruner 
Farm in 1987 
Treatments 
Time of 
Sampling^ -NS^ +ns*^ Mean -NS +NS Mean 
NH4-N (ng g'h NO3-N (ng g~^) 
2 WAT 
H 
69.54 102.11 85.83 19.28 
J - -
25.68 22.49 
4 WAT 15.82 33.99 24.91 15.87 15.95 15.92 
9 WAT 1.28 5.61 3.45 6.31 3.17 4.75 
Mean 28.88 47.24 13.83 14.93 
LSDo. 
%SDo. 
05 
05 
for 
for 
Time (T) 
Treatment (Tr) 
17.10 
17.80 
10.71 
8.53 
%SDo. 05 for T X Tr 30.82 14.78 
®WAT = Weeks After Treatment Application. 
'^-NS = No N-Serve. 
^+NS = With N-Serve. 
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Experiment III-B 
The response of P3471 was evaluated at three rates of N 
and K. Urea was applied as hand-broadcast pre-plant while UAN 
was applied using the PIFA with or without N-Serve. 
Corn was planted at the rate of 70,000 plants ha"^ at 
ISUAAERC-Berfcey Farm, Boone County, Iowa. 
Analysis of variance for seed moisture content and grain 
yield of P3471 in 1988 is presented in Table 46. Only the 
single factor K had a significant effect on seed moisture and 
grain yield of P3471. 
Increasing K fertility increased grain yield but 
relatively decreased seed moisture content (Table 47). The 
lowest yield of 7.25 Mg ha~^ was observed at no K fertilizer. 
Significant seed moisture decrease was observed when K level 
was increased from 0 top 220 kg K ha~^. 
As in Experiment III-A, N fertilization did not 
contribute to difference in grain yield and moisture content 
of corn hybrids. Whether the fertilizer was applied as pre-
plant or point-injected with or without N-Serve, no 
significant effects were observed. 
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Table 46. Analysis of variance for seed moisture content and 
grain yield of P3471 measured at Berkey Farm in 
1988 
SEED MOISTURE YIELD 
Source df MS F MS F 
Replication 2 439.01 1.15 
Nitrogen (N) 2 2.24 0.15 1.25 0.29 
Error a 4 15.27 4.28 
Potassium (K) 2 38.09 5.77* 46.92 32.83** 
N X K 4 3.02 0.46 1.14 0.80 
Error b 12 6.61 1.42 
Method (M) 2 5.71 1.18 1.71 0.80 
N X M 4 4.03 0.84 0.39 0.21 
K X M 4 2.24 0.47 0.25 0.14 
N X K X M 8 1.46 0.30 0.42 0.22 
Error c 198 4.83 1.90 
*'**Significant at 0.05 and 0.01 level of significance, 
respectively. 
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Table 47. Effect of K levels on seed moisture (%) content and 
grain yield at Berkey Farm in 1988 
K Level Seed Moisture Yield 
(kg ha~^) (%) (Mg ha"^) 
0 18.04 a 7.25 c 
220 16.68 b 8.28 b 
330 17.47 ab 8.73 a 
LSDo.05 0.88 0.41 
Experiment III-C 
The response of P3471 and Asgrow 777X were evaluated 
using 3 sources of fertilizer; NP, UAN, and P. NP and UAN 
fertilizer solutions were applied with or without N-Serve. 
Corn was planted at the rate of 70,000 plants ha~^ at 
ISUAAERC-Berkey Farm Boone County, Iowa. 
The analysis of variance for seed moisture content, grain 
yield, and weight of 100 seeds of P3471 and Asgrow 777X in 
1988 are presented in Tables 48a and 48b, respectively. 
The six treatments used in this experiment contributed 
significant effects on seed moisture, grain yield, and weight 
of 100 seeds of P3471. The six treatments also contributed 
significant effects on weight of 100 seeds of Asgrow 777X. No 
significant effect was found on seed moisture and grain yield 
Table 48a. ANOVA of P3471 on variables measured at Berkey Farm in 1988 
SEED MOISTURE YIELD WEIGHT/100 SEEDS 
Source df MS F MS F MS F 
Replication 5 61.31 10.79 43.60 
Treatment 5 22.57 7.10** 2.96 4.30* 11.88 3.21* 
Error 25 3.17 0.68 3.69 
*'**Significant at 0.05 and 0.01 level of significance, respectively. 
M 
to 
Table 48b. ANOVA of Asgrow 777X on variables measured at Berkey Farm in 1988 
SEED MOISTURE YIELD WEIGHT/100 SEEDS 
Source df , MS F MS F MS F 
Replication 5 14.91 5.35 12.50 
Treatment 5 9.39 2.03 0.68 0.82 3.79 2.73* 
Error 25 4.63 0.83 1.39 
ic 
significant at 0.05 level of significance. 
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of Asgrow 777X due to the treatments employed. 
It should be noted that 1988 was considered as a "drought 
year" and yield of corn was very low compared to that in 1986 
and 1987. 
UAN+NS and NP+NS treatments produced greater grain yield 
of 6.98 and 6.82 Mg ha"^, respectively for P3471 (Table 49). 
No significant grain yield difference was observed among the 
other treatments. 
Seed moisture content of P3471 at harvest for both the 
UAN+NS and NP+NS treatments were also high (21.83 and 20.83%, 
respectively) (Table 49). UAN-NS and NP-NS treatments both 
had the lowest seed moisture content at 17.16%. 
UAN-NS treatment resulted to very low seed weight of 
P3471 which, however, was not significantly different with the 
NP-NS and P treatments (Table 49). UAN+NS and NP+NS 
treatments were found to result in a higher seed weight of 
P3471, but they were also not found to be significantly 
different from the control and P treatments. 
On the other hand, UAN-NS treatments caused a higher seed 
weight with Asgrow 777X (Table 49). However, it did not 
differ significantly from the control, UAN+NS, and P 
treatments. The NP-NS and the NP+NS treatments resulted in 
lower seed weight in Asgrow 777X. 
It was observed that the seed weight of P3471 was 
relatively higher compared to the seed weight of Asgrow 777X 
in all of the six treatments used. 
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Table 49. Effect of treatments on the parameters measured at 
Berkey Farm in 1988 
P3471 ASGROW 777X 
Seed Graih Weight of Weight of 
Moisture Yield 100 Seeds 100 Seeds 
Treatments^ (%) (Mg ha" ) (g) (g) 
Control 19.33 C 5.69 b 25.40 ab 20.80 ab 
UAN - NS 17.16 d 5.63 b 22.93 c 21.77 a 
UAN + NS 21.83 a 6.98 a 26.22 a 21.08 ab 
P 20.33 be 5.33 b 24.37 abc 21.67 a 
NP - NS 17.16 d 5.63 b 23.40 be 20.20 b 
NP + NS 20.83 ab 6.82 a 26.18 a 19.77 b 
LSDo.os 2.11 0.98 2.29 1.40 
^NP+NS = Ammonium Polyphosphate Fert. Soin. With N-Serve. 
NP-NS = Ammonium Polyphosphate Fert. Soin. No N-Serve. 
UAN + NS = Urea Ammonium Nitrate With N-Serve. 
UAN - NS = Urea Ammonium Nitrate No N-Serve. 
P = Super Phosphate. 
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SUMMARY AND CONCLUSIONS 
Experiment I 
The hybrid P3377 gave the highest grain yield with an 
average of 12.51 Mg ha"^. However, it had lower seed protein 
content in 1986 compared to the other corn hybrids. 
P3475 had greater grain yield than P3732 in 1986 but no 
grain yield difference was found in 1987 between the two 
hybrids. DK524, on the other hand gave the lowest mean grain 
yield and percent seed moisture content. Although not 
statistically significant, DK524 had higher percent dropped 
ears in 1986 compared to the other hybrids. 
DK547 showed the highest percent leaf N concentration as 
well as lodging. Grain yield of DK547 was relatively high 
compared to the other Pioneer hybrids in 1987. In both years, 
the Pioneer hybrids were not significantly different in terms 
of their leaf N concentration. Except for P3377, all three 
hybrids grown in 1986 did not show significant difference in 
seed protein content. 
The application of 176 kg N ha"^ and 264 kg N ha~^ showed 
similar effects on grain yield, total leaf N concentration, 
and seed protein. Application of 88 kg N ha~^, on the other 
hand, gave the lowest grain yield, total leaf N concentration, 
and seed protein. 
Pre-plant N fertilizer application resulted in higher 
grain yield and seed protein, and lower stalk lodging and 
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dropped ears compared to split N fertilizer application, 
especially when N-Serve was added. 
Although there was no significant effect due to the 
interaction of Hybrid x Nitrogen fertilizer on grain yield, 
P3377 was observed to be the most responsive to N. Yield of 
this hybrid progressively increased with the rate of N 
application. P3475, P3732, and DK547 had similar yield at the 
176 and 264 kg N ha~^ rates, and the yield was least at the 88 
kg N ha"l rate. DK524 had similar yields at all three rates 
of N. 
Based on the results obtained, some conclusions can be 
drawn: 
(1) P3377 appeared to be the best corn hybrid to be grown in 
the area for maximum yield. A considerably high rate of 
resistance to stalk lodging and low rate of percent 
dropped ears may have contributed to higher yield of this 
hybrid. 
(2) N-Serve incorporation, at the rate used, significantly 
increased yield of corn. All of the hybrids used showed 
positive yield response to the incorporation of N-Serve 
with urea. 
(3) For this experiment, the application of 264 kg N ha"^ 
seemed to be optimum to produce a yield of 11.61 Mg ha~^, 
compared to 11.50 Mg ha"^ at 176 kg N ha"^. 
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(4) Pre-plant fertilizer application appeared to be a better 
fertilizer management practice in this particular 
experiment, especially when N-Serve was incorporated. 
Experiment II 
Grain yield of five corn hybrids in 1986 ranged from 8.29 
to 9.99 Mg ha~^ and 8.61 to 11.11 Mg ha~^ in 1987. The 
relative maturity rating could also possibly contribute to the 
differences in seed yield of the corn hybrids aside from the 
controlled treatments used (i.e., N, K, plant populations). 
P3471 and P3475 had an average yield of 8.62 and 8.78 Mg 
ha"^, respectively for two years. P3358 had an average yield 
of 8.86 Mg ha~^, while P3377 had 9.56 Mg ha"^, for two years. 
The experimental line XC754 was considered as late maturing 
corn and had the greatest yield average of 9.75 Mg ha~^ for 
two years. 
P3377 was also found to have higher stalk lodging rate 
compared to some corn hybrids. This negative characteristic 
has been generally associated with greater yield. If not for 
the bad weather in 1986 that caused a high stalk lodging of 
XC754, this experimental corn line could have possibly yielded 
better. The data obtained on leaf conductance, CER, stalk 
strength and stalk diameter and seed protein content, 
comparing P3377 and the other hybrids, could support the above 
conclusions. 
Increasing rates of N increased yield. Although an 
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Increasing trend of grain yield was observed at increasing 
rates of N, no significant grain yield difference was found 
between 154 and 231 kg N ha"^. The same response was observed 
in the analysis of leaf tissues in both years, and seed 
protein in 1986. Seed protein content in 1987 increased with 
incremental increase in N fertilizer. 
A negative response due to N, in terms of stalk lodging, 
was found in 1986. The low rate of N resulted in greater 
stalk lodging compared to the other two N rates. Due to an 
early severe wind storm in 1986, stalk lodging was greater 
compared to that in 1987. 
K fertility as well as the interaction between N and K 
did not show any significant effect on stalk lodging in both 
years. With the exception of the control (KO), application of 
K fertility did not show any significant effect on grain 
yield, seed protein, and plant height. 
The significant effect of K fertility was observed in the 
analysis of corn stalk quality. P3475 with no K treatment, in 
1986, was found to have higher soluble solids but lower stalk 
strength, stalk diameter, and stalk sap K. K fertility seemed 
to be high enough that no significant difference was observed 
between the other two rates of K. 
In 1987, K fertility contributed to significant 
differences in stalk sap K content. Incremental increases in 
K increased stalk sap K content at all sampling times. 
149 
However, the stalk sap K content decreased as the corn reached 
physiological maturity. 
The source of N and the amount of N-Serve incorporated 
may have contributed to lower grain yield in 1986. Point 
injection of (NH^jgSO^ seemed to immobilize the N and made it 
less available to the plants. Use of N-Serve increased the 
immobilization of N which was reflected as lower grain yields 
of corn with N-Serve than without N-Serve. N-Serve seemed to 
immobilize the N from (NH^igSO^ available to the plants. The 
late stage of corn growth when the point injected N was 
applied could also be a factor which affected the differences 
in grain yield. Fertilizer N and N-Serve were probably 
applied too late for the maximum utilization of N by the corn 
plants. 
Only P3377 was found to be responsive to the 
incorporation with N-Serve to N fertilizer in both years. 
Other hybrids had negative yield responses in the presence of 
N-Serve in both years, except for P3358 in 1986. 
Inspite of the decrease in yield due to addition of N-
Serve with N fertilizer, seed protein increased and seed 
moisture decreased compared to no N-Serve treatment in 1986. 
Addition of N-Serve also increased the leaf conductance of 
P3377, XC754, and P3358 but decreased the leaf CER. N-Serve 
incorporation also decreased the soluble solid contents of 
P3475. Efficacy of N-Serve was not significant in 1987 for 
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most of the parameters measured. 
Yield also increased with increases in plant population, 
but stalk lodging was also high. Except for P3475, a positive 
yield increase of the corn hybrids was observed at increasing 
plant population in 1986. It seemed that the optimum plant 
population, for most of the hybrids, to produce maximum yield 
was 70,000 plants ha"^. This, of course, was also dependent 
on the adequate N and K nutrition. Grain yield decreased and 
stalk lodging increased at population above 70,000 plants 
ha~^. 
From the results obtained, the following conclusions and 
recommendations were drawn: 
(1) The weather contributed to the grain yield differences 
among the corn hybrids in the two years of field 
experiment. 
(2) The relative maturity ratings may have contributed to the 
grain yield differences among the corn hybrids. 
(3) The experimental corn line XC754 outyielded all the other 
corn hybrids over all the factors studied. The use of 
this experimental corn line could be used in the future 
experiments with other factors or controlled treatments. 
(4) P3377 also gave higher yield compared to the other corn 
hybrids except for XC754. It was found that P3377 was 
most responsive to N-Serve incorporation. 
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(5) Application of 231 kg N ha~^ seemed to be optimum to 
produce maximum yield of most of the hybrids in this 
particular experiment. 
(6) The source of N and the rate of N-Serve may have also 
contributed to the differences in the performance of the 
corn hybrids. 
(7) The use of a plant population of 70,000 plants ha"^ seemed 
to be optimum to produce maximum grain yield. 
Experiment III 
Several authors have reported that a corn-soybean 
rotation produce greater corn yield compared to continuous 
corn rotation (Shrader and Voss, 1980; Voss and Shrader, 1984; 
Barber, 1978; Welch, 1977). 
The grain yields of corn hybrids (P3471, P3377, and 
XC754) used in Experiment III-A was relatively higher compared 
to the same hybrids used for Experiment II in 1987. The 
contribution of the residual amount of fixed N by soybean crop 
could provide continuous supply of soil N through the entire 
growth of the corn crop. Thus, the added fertilizer N seems 
to contribute less to the demand for N by the corn plants. 
In Experiment III-A, the effect of N fertilizer was not 
significant on any of the parameters measured. However, the 
effect of the incorporation of N-Serve at PPl using split 
fertilizer application resulted in a greater grain yield 
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compared to SP-NS treatment at the same plant population. The 
use of urea fertilizer as a pre-plant source of N, however, 
did not show any significant effect on grain yield compared to 
SP+NS treatment at PPl. Lower yield was observed at PP2 
compared to PPl. 
XC754 produced higher grain yield, seed protein and seed 
moisture content compared to P3471 and P3377. However, its 
leaf N content was found to be low. 
P3377, on the other hand, had lower grain yield and seed 
protein content compared to the other two hybrids used. P3471 
had higher leaf N content, and was next to XC754 in grain 
yield and seed protein. 
N-Serve incorporation appeared to be effective in keeping 
the soil N in its ammonium form for a longer period of time 
for the corn plants to benefit from it. 
Increasing K fertility increased yield of P3471, but 
decreased the seed moisture content in Experiment III-B. The 
K2 produced greater grain yield compared to Kl, but there was 
no significant difference between these two levels of K on 
their effect on seed moisture content. 
Nitrogen fertilizer treatment did not contribute to a 
significant yield increase and seed moisture content in 
Experiment III-B. Nitrogen appled as pre-plant or point-
injected with or without N-Serve also did not show any 
significant effect. 
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The use of urea ammonium nitrate and ammonium 
polyphosphate with N-Serve resulted in high moisture content, 
weight of 100 seeds, and grain yield of P3471 in Experiment 
III-C. Seed weights of Asgrow 777X treated with UAN with or 
without N-Serve, P and the control were not significantly 
different. 
Although the N treatments did not greatly increase yield 
in these experiments, some conclusions and recommendations can 
be drawn: 
(1) Residual N from soybean crop in a corn-soybean rotation 
contributed to an insignificant yield response by the corn 
hybrids to fertilizer N treatments. 
(2) Incorporation of N-Serve during split fertilizer 
application increased yield in Experiment III-A. 
(3) XC754 outyielded and had higher seed protein content than 
P3377 and P3471. 
(4) K fertility had a significant effect on grain yield of 
P3471 in Experiment III-B. 
(5) Incorporation of N-Serve with UAN and NP were effective in 
increasing yield of P3471 in Experiment III-C. P3471 
produced greater seed weight than Asgrow 777X. 
Further field research on the use of N-Serve as a 
nitrification inhibitor with different rates and sources of N 
and methods of application is recommended. Based on the 
results of these experiments, yield of corn hybrids varied 
with different sources of N and rates of N-Serve. 
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GENERAL SUMMARY AND CONCLUSIONS 
The general objective of the experiment was to determine 
performance of corn hybrids, selected for variation of 
relative maturity ratings, to varying rates of fertilizer N in 
the presence or absence of N-Serve. N-Serve or nitrapyrin was 
studied to determine its effectiveness to keep N in the form 
of NH^-N for a longer period. The effect of form of N on 
response of corn was also examined. 
The above controlled treatments were also used in 
combination with rates of K, timing and method of fertilizer 
application, and different plant populations. The source of N 
was likewise taken into consideration. 
On the average, the yield performance of P3377 was 
greater relative to the other commercial Pioneer and Dekalb 
corn hybrids. P3377 was found to be the most responsive 
hybrid to increasing rates of N, especially in the presence of 
N-Serve. Inspite of its higher rate of susceptibility to 
stalk lodging, it did not appear to affect the yield 
performance. 
The experimental line XC754 had the highest yield, with 
an average of 10.92 Mg ha~^, among the other Pioneer hybrids 
used in Experiments II and III. However, further field 
research on the other factors (i.e., planting dates and/or 
water stress) alone or in combination with the factors studied 
in this experiment using this experimental corn line as test 
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crop could be undertaken. Through this, the yield performance 
of XC754 and its other physiological traits could be further 
verified. 
The use of urea and UAN with added N-Serve gave positive 
yield increases in some of the hybrids studied. The 
incorporation of N-Serve with urea, using the recommended rate 
in Experiment I, gave positive yield increases for all hybrids 
compared to no N-Serve treatments. Pre-plant fertilizer 
application with N-Serve seemed to be a better fertilizer 
management technique in the area. This gave a mean yield of 
11.65 Mg ha~^ compared to 11.40 Mg ha~^ when using split 
fertilizer application with N-Serve treatment. 
Urea at the rate of 264 kg N ha~^ in Experiment I 
appeared to be optimum to produce a maximum yield of 11.61 Mg 
ha~^ compared to 11.50 Mg ha~^ when it was applied at the rate 
of 176 kg N ha"^. However, it was not known what the 
incremental increases in yield would be if additional N 
treatments at the rate between 176 and 264 kg N ha"^ were 
used. It may have been useful in determining further optimum 
N rate for maximum yield with less input. 
The decrease in yield in 1986 in Experiment II using 
(NH^lgSO^ with N-Serve may have been due to harmful effects 
from excessive application. N-Serve, applied at a very high 
rate, 1.32 kg a.i. ha~^, could result in immobilization of the 
N available for plant growth. Thus, the demand for N 
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nutrition by the corn plants was not fully met. 
A higher stalk lodging rate, partly affected by the 
weather condition in that year, could have also contributed to 
the decline in yield. 
The use of UAN with N-Serve in 1987 (Experiment II) did 
not effect any significant yield increase, although an 
increasing trend was observed compared to no N-Serve 
treatment. It was probably due to the time of fertilizer 
application. Therefore, the growth stage of the corn plant is 
also an important factor to consider in determining the most 
appropriate time for the additional N fertilizer to be added. 
The previous soybean crop in the corn-soybean rotation 
was believed to have contributed to the non-significant effect 
of the added fertilizer N, in terms of increased grain yield 
of the corn hybrids. This was the case observed in 
Experiments III-A and III-B. The contribution of the residual 
amount of fixed N by soybean crop may have been a factor. 
Approximately, half of the soybean crop residue was believed 
to be left in the field following soybean harvest, which may 
have provided a considerable source of soil N through the 
entire growth of corn. When the performance of the corn 
hybrids used in Experiments II and III-A were compared, it was 
observed that the yield of the corn hybrids were relatively 
greater in Experiment III-A than Experiment II. Thus, crop 
rotation maybe a factor that has contributed to these 
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differences. 
The application of K fertilizer in Experiment II did not 
show any significant effect on stalk lodging, grain yield, 
seed protein, and plant height. The significant effect of K 
fertility in that particular experiment was observed in the 
analysis of corn stalk quality. A higher soluble solids but 
lower stalk strength, stalk diameter, and stalk sap K content 
with no K treatment was observed for P3475 in 1986. Soil K 
fertility for the 2 high K rates appeared to be so high that 
no significant difference was observed between the two higher 
rates of K. 
On the other hand, in 1987, increments of K fertility 
increased corn stalk sap K content at all sampling times. But 
sap K content of the corn stalk decreased as the corn reached 
physiological maturity. 
Soil K fertility in Experiment III-B contributed to the 
increased yield of P3471. Grain yield increased at increasing 
rates of K. 
Plant population at the rate of 70,000 plants ha"^ 
appeared optimum to produce maximum yield. This of course was 
dependent on the adequate nutrition of N and K. At a higher 
plant population (80,000 plants ha~^) yield decreased and 
stalk lodging increased. 
From all of the above gathered information, the following 
general conclusions and recommendations can be made: 
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(1) Of all the hybrids used in this experiment, the commercial 
corn hybrid P3377 and the experimental corn line XC754 
were found to have good potential to produce greater yield 
with most of the treatments or the factors used. 
(2) Time of N fertilizer application, depending on the growth 
stage of corn, is a critical consideration to obtain 
maximum utilization of the applied fertilizer N by the 
corn plants. This factor needs to be further verified, 
especially in using N-Serve and the point injector 
fertilizer applicator. Incorporation of N-Serve in 
Experiment I decreased stalk lodging but gave opposite 
response in Experiment II (1986). 
(3) Rates of N-Serve in combination with the above factor 
(item 2) is also critical. The application of fertilizer 
solution with added N-Serve during a certain growth stage 
of the corn plant need further field verification. 
(4) The source of N and rates of N-Serve, or the combination 
of the two, were also found to be critical factors in 
achieving maximum yield. Urea and UAN showed good 
potentials as sources of N compared to the other N 
fertilizer used. Again, the rates of N-Serve needs to be 
further verified when used with the above N fertilizer 
source. 
(5) Plant population at 70,000 plants ha"^ was observed to 
produce optimum yield in most of the hybrids used. 
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(6) The relative maturity rating was also considered a factor 
affecting the differences in yield performance of the corn-
hybrids, in addition to the other treatments used. 
(7) Crop rotation, especially corn-soybean rotation, was 
observed to affect yields in most of the hybrids used, 
compared to continuous corn cropping. This also 
influenced the effectiveness of the fertilizer N 
application. 
(8) The uncontrolled factors, the weather, also contributed to 
the yield differences of the corn hybrids as well as the 
performance of the controlled treatments used. 
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APPENDIX. DATA ON RELATIVE MATURITY RATINGS OF PIONEER CORN 
HYBRIDS AND WEATHER DATA AT CHRISTENSEN RESEARCH 
FARM, HUMBOLDT, IOWA AND ISU AGRONOMY AND 
AGRICULTURAL ENGINEERING RESEARCH FARM, BOONE 
COUNTY, IOWA 
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Table Al. Characteristics of Pioneer corn hybrids used in the 
experiment® 
Hybrid 
GDU'S. 
to BL® HMRM° • BLRM^ SRM® 
P3732 2560 107 102 105 
P3475 2669 114 112 109 
P3471 2753 114 119 118 
P3377 1791 122 123 119 
P3358 2803 124 124 123 
^Frorn Pioneer Hi-Bred Int. Inc., Johnston, Iowa (1989). 
^GDU's to BL = Growing Degree Units to Black Layer. 
®HMRM = Harvest Moisture Relative Maturity. 
^BLRM = Black Layer Relative Maturity. 
®SRM = Silk Relative Maturity. 
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Table A2. Mean precipitation (cm) at Christensen Research 
Farm, Humboldt, Iowa 
Month 1986 1987 
May 15.70 6.43 
June 13.82 2.82 
July 15.29 16.79 
August 7.98 10.11 
September 17.17 7.16 
Total 69.95 43.31 
Average 13.99 8.66 
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Table A3. Mean precipitation and temperature at the Agronomy 
and Agricultural Engineering Research Farm, Boone 
County, Iowa 
1986 1987 : 1988 
Month PPN® TEMpb PPN TEMP PPN TEMP 
January 0.1 -4.2 0.5 -2.9 0.9 -8.3 
February 2.6 -6.7 1.4 1.8 0.6 -5.7 
March 2.8 4.7 5.1 5.6 0.7 4.6 
April 6.7 12.2 5.5 12.9 4.3 10.2 
May 6.0 16.4 9.2 19.4 4.4 19.7 
June 4.9 22.4 7.7 23.4 5.3 23.7 
July 7.5 24.1 12.1 24.6 8.6 24.2 
August 2.4 20.3 32.0 21.4 15.4 24.6 
September 9.9 19.7 5.2 18.0 8.3 18.9 
October 7.8 11.5 2.8 9.1 0.7 8.8 
November 1.5 0.9 6.6 5.6 4.9 3.8 
December 0.9 -3.1 3.6 -3.6 1.9 —2 . 8 
Total 53.1 118.2 96.8 135.3 56.0 121.7 
Average 4.4 9.9 8.1 11.3 4.7 10.1 
®PPN = Precipitation (cm). 
^TEMP = Temperature (°C). 
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The original data from the experiments are on a disc 
located with this dissertation In the Parks Library, Iowa 
State University, Ames, Iowa. It was saved and formatted 
using Lotus 1-2-3 and Word Perfect 5.0. 

